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PKEFACE  TO  SECOND  EDITION. 


Since  the  publication  of  the  first  edition  of  this  work,  which 
is  now  exhausted,  great  progress  has  been  made  in  the  art  of 
"reinforcing"  Concrete  with  rods,  bars,  or  mesh  work  of 
iron  or  steel.  A  new  Chapter  on  this  important  subject  has 
therefore  been  included  in  the  Second  Edition,  together 
with  Additional  Illustrations  and  Tables.  The  whole  of  the 
original  text  has  also  been  revised,  and  somewhat  extended. 

The  Author's  thanks  are  gratefully  tendered  to  those 
firms  which  have  kindly  placed  information  on  reinforced 
concrete  at  his  disposal,  and  also  to  the  authors  from  whose 
works  he  has  quoted. 

11,  Argyll  Place,  London,  W. 
October,  1904, 
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PREFACE  TO  FIRST  EDITION. 


Books  on  Limes,  Cements,  and  Concretes  have  been 
almost  invariably  written  by  Civil  Engineers  for  Civil 
Engineers.  It  seemed  to  the  Author  that  a  work,  treating 
of  the  subject  of  Concrete  from  an  Architect's  point  of 
view,  might  prove  useful,  not  to  Architects  only,  but  to 
other  persons  engaged  in  Building.  This  idea  was  de- 
veloped into  a  series  of  articles  which  appeared  in  The 
Builder  from  July  to  December,  1892,  and  the  present 
work  is  a  revised  and  extended  edition  of  those  articles. 

Chapters  XIV.,  XVII.,  and  XXI.  are  entirely  new ;  and 
the  greater  parts  of  Chapters  XIII.  and  XXIL,  besides 
considerable  parts  of  Chapters  XVIII.,  XIX.,  XX.,  XXIV., 
and  XXV.,  have  also  been  added.  The  remainder  of  the 
work  has  been  re-modelled  to  some  extent,  and  further 
information  has  been  inserted  throughout ;  the  number  of 
illustrations  has  been  more  than  trebled ;  and  several  new 
Tables  have  been  included,  some  of  which  are  here  printed 
for  the  first  time. 

The  Author  gratefully  acknowledges  his  indebtedness  to 
the  researches  and  works  of  many  Engineers  (notably  those 
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of  Mr.  John  Grant,  Mr.  Henry  Faija,  and  Mr.  Charles 
Colson),  and  to  the  current  Architectural,  Building,  and 
Engineering  journals,  as  well  as  to  papers  read  before  various 
professional  societies,  including  the  Royal  Institute  of 
British  Architects.  Particular  mention  should  be  made  of 
the  Institution  of  Civil  Engineers,  to  which  body  he  is 
indebted  for  much  valuable  information  obtained  from  their 
Minutes  of  Proceedings.  The  courtesy  of  Mr.  Thaddeus 
Hyatt,  in  allowing  extracts  to  be  made  from  his  book 
entitled  "  Portland-Cement-Concrete  combined  with  Iron  " 
(which  was  printed  for  private  circulation  only),  is  also 
gladly  mentioned.  These  various  sources  of  information 
are  duly  stated  in  the  body  of  the  work. 


September,  1893. 
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CONCRETE 


CHAPTER  T. 

DEFINITIVE  AND  HISTORICAL. 

Definition — Concrete  and  Beton — Historical :  Roman,  Medieval, 
Renaissance,  Modem — Uses. 

Definition. — Concrete  is  a  solid  mass  formed  from  lime 
or  cement,  water,  sand,  and  small  irregular  pieces  of  stone, 
brick,  &c,  by  their  "  growing  together "  (as  the  word 
expresses  it)  when  brought  into  contact  with  each  other. 
The  active  agents  in  this  solidifying  process  are  the  lime 
or  cement  and  the  water ;  the  remaining  ingredients  are 
inactive,  being  merely  bound  together  by  the  foregoing. 

Different  names  have  been  given  to  the  two  classes  of 
ingredients.  The  active  ingredients  are  called  the  matrix, 
as  they  may  be  said  to  form  a  "womb,"  in  which  the  in- 
active, known  as  the  aggregate,  are  imbedded.  Neither  of 
these  names  we  may  say,  is  strictly  accurate,  but  as  they 
are  the  ones  now  usually  adopted,  we  shall  make  use  of 
them.  Very  often,  however,  the  mortar, — that  is,  the 
mixture  of  lime  or  cement,  water,  and  sand, — is  spoken  of 
as  the  matrix,  and  the  remaining  ingredients  only  are  called 
the  aggregate ;  this  nomenclature  has  probably  arisen  from 
the  fact  that  the  strength  of  concrete,  made  with  the  same 
coarse  ingredients,  varies  very  nearly  according  to  the 
strength  of  the  mortar  in  which  the  coarser  ingredients  are 
imbedded,  and  not  so  much  according  to  the  strength  of  the 
lime  or  cement  itself. 
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"Concrete  "  and  "Be'ton." — A  distinction  is  sometimes 
made  between  the  English  word  "  concrete  "  and  the  French 
word  "be'ton."  In  France  it  is  customary  to  mix  the  lime 
or  cement  with  the  sand  and  water,  and  thus  to  form 
mortar;  the  broken  stones  or  other  materials  are  then 
added  to  the  mortar,  and  thoroughly  mixed  with  it.  In 
England,  however,  the  general  practice  is  to  mix  the  whole 
of  the  ingredients  dry,  and,  when  the  mixing  is  sufficiently 
advanced,  to  add  water  gradually,  the  ingredients  being 
still  further  turned  over  during  the  operation. 

Some  writers  limit  the  meaning  of  the  word  "concrete," 
by  applying  it  only  to  concrete  prepared  in  the  English  way ; 
and  the  word  be'ton  is  taken  to  mean  concrete  prepared  in 
the  French  way.  There  does  not  seem  much  reason,  how- 
ever, in  thus  limiting  the  meaning  of  the  word,  for  concrete 
is  concrete,  no  matter  how  it  is  prepared,  just  as  stone  is 
stone  whether  it  be  formed  by  the  aggregation  of  countless 
myriads  of  microscopic  organisms,  or  merely  by  the  con- 
solidation of  sand-grains.  We  shall  use  the  word 
"  concrete  "  in  its  wider  sense,  especially  as  this  is  the 
sense  in  which  it  is  now  generally  used. 

Historical  :  Roman. — The  Romans  were  the  first  great 
concrete-builders,  and  some  of  their  concrete  structures 
have  not  been  surpassed  in  magnitude  to  this  day. 
They  made  use  of  it  before  the  year  500  B.C.  Vitruvius, 
who  wrote  in  the  first  century  after  Christ,  gives  in- 
structions for  its  manufacture.  In  his  book  on  architec- 
ture, he  describes  how  to  make  concrete  pavements  and 
floors,  and  concrete  walls  around  wells.  His  specification 
for  the  concrete  in  the  last  instance  might  be  substituted, 
without  very  much  detriment,  for  the  clauses  in  some 
modern  specifications.  He  says  (according  to  Gwilt's 
translation) : — "  In  the  first  place,  the  purest  and  roughest 
sand  that  can  be  had  is  to  be  procured ;  then  material  is  to 
be  prepared  of  broken  flint,  whereof  no  single  piece  is  to 
weigh  more  than  1  lb.  ;  the  lime  must  be  very  strong,  and 
in  making  it  into  mortar,  five  parts  of  sand  are  to  be  added 
to  two  of  lime  ;  the  flint  work  is  combined  with  the  mortar, 
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and  of  it  the  walls  in  the  excavation  are  brought  up  from 
the  bottom,  and  shaped*  by  wooden  bars  covered  with 
iron."  The  Roman  "libra,"  which  we  presume  has  been 
simply  translated  into  "pound,"  was  equal  to  nearly 
\  lb.  avoirdupois  of  our  weight,  and  therefore  the  pieces  of 
flint  were  specified  to  be  not  larger  than  about  2  in.  cubes ; 
this  size  of  aggregate  would  be  used  in  similar  walls  to-day. 
Yitruvius  also  mentions  the  use  of  puozzolana,  a  volcanic 
earth  or  sand,  which  confers  upon  fat  lime  the  property  of 
Betting  under  water. 

Roman  walls  were  almost  invariably  of  concrete  or  rubble, 
faced  with  brick,  stone,  or  marble.  This  facing  was  always 
thin.  The  bricks  as  a  rule  were  triangular  on  plan,  and 
measured  about  1 1  in.  along  the  face,  and  only  6  in.  from 
the  face  to  the  apex  of  the  triangle  which  extended  into  the 
wall.  The  stones  were  sometimes  only  about  2  in.  square 
on  the  face,  and  less  than  6  in.  on  the  bed,  and  were  laid 
with  the  diagonals  of  the  square  horizontal  and  vertical, 
forming  what  was  known  as  opus  reticulatum.  In  any  case, 
the  strength  of  the  wall  depended  on  the  concrete  or  rubble, 
rather  than  on  the  facing.  According  to  Professor 
Aitchison,  the  concrete  of  the  Romans  was  not  mixed 
together  before  deposition,  but  a  layer  of  mortar  was  laid, 
and  the  aggregate  then  deposited  upon  it,  and  this  in  turn 
would  be  followed  by  another  layer  of  mortar,  and  so  on. 
Bond -courses  of  large  flat  tiles  were  introduced  every  4  ft. 
or  5  ft. 

But  not  only  were  walls  and  floors  constructed  in  this 
manner ;  arches,  also,  and  domes  were  built,  sometimes 
with  a  mere  skin  underneath  of  thin  tiles  laid  flat,  having 
radial  tiles  bonding  into  the  concrete  at  intervals,  and  some- 
times with  skeleton  framework  or  ribs  of  bricks  and  tiles, 
the  whole  being  covered  or  filled  with  concrete  of  consider- 
able thickness. 

The  dome  of  the  Pantheon,  which  was  erected  about  the 

*  Professor  Aitchison,  A.B.  A.,  renders  the  word  "  rammed  "  instead 
of  "  shaped,"  and  this  would  bring  the  specification  of  Vitruvius  still 
nearer  to  modern  practice. 
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year  123  a.d.,  was  until  recently  believed  to  be  constructed 
of  concrete  with  brick  or  tile  ribs,  but  the  researches  of 
Mons.  Chadanne  in  1892  proved  it  to  be  of  solid  brickwork. 
In  many  buildings,  however,  the  former  material  was  freely 
used,  and  when  we  consider  that  the  Romans  had  only  fat 
lime  and  puozzolana  to  depend  upon  for  the  solidifying  of 
their  concrete,  we  are  surprised  at  their  boldness. 

It  is  probable  that  the  development  of  domed  construc- 
tion among  the  Romans  was  due  in  great  measure  to  the 
material,  concrete,  of  which  many  of  their  greatest  works 
were  built. 

Their  partiality  for  concrete  was  due  to  three  or  four 
causes.  In  the  first  place,  the  great  bulk  of  the  work  did 
not  require  trained  artificers,  of  whom  there  was  often  a 
scarcity,  but  could  be  done  by  slaves  or  labourers,  of  whom 
there  were  many ;  in  the  second  place,  the  work  could  be 
executed  much  more  rapidly  than  with  bricks  or  dressed 
stone,  and  this,  then  as  now,  was  an  important  consider- 
ation ;  again,  in  many  places  suitable  building  stone  could 
not  be  obtained;  and,  finally  (for  the  Romans  doubtless 
studied  economy, — they  were  such  a  practical  people), 
concrete  recommended  itself  for  its  cheapness. 

Professor  Middleton,  in  his  recent  work  on  "The 
Remains  of  Ancient  Rome"  (1892),  gives  his  opinion  that 
the  brick  facing  of  the  Roman  walls  is  not  strong  enough  to 
support  the  concrete  hearting  while  wet,  and  therefore  that 
timber  framing  must  have  been  used  to  support  the  walls 
during  their  construction.  He  thinks  he  has  discovered 
proof  of  this  in  the  Golden  House  of  Nero,  under  the 
Thermae  of  Titus,  where  upright  grooves,  6  in.  wide  and 
4  in.  deep,  for  the  reception  of  the  timber  posts,  are  visible 
in  the  walls,  the  grooves,  however,  being  "afterwards  filled 
up  by  the  insertion  of  little  rectangular  bricks,  so  as  to 
make  a  smooth,  unbroken  surface  for  the  plastering." 

It  is  of  course  possible  that  timber  framing  may  have 
been  used  by  the  Romans,  but  we  agree  with  Professor 
Aitchison,  when  he  says  that  it  seems  odd,  if  timber  framing 
were  employed,  "  that  so  economical  a  people  as  the  Romans 
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should  have  wasted  time  and  money  on  this  brick  facing, 
which  was  to  be  covered  with  plaster  or  marble."*  Ap- 
parently the  rough  brick  or  stone  facing  was  adopted 
instead  of  a  wooden  framework.  The  bond-courses  of  flat 
tiles,  extending  through  the  whole  thickness  of  the  wall, 
seem  to  have  been  inserted  partly  to  strengthen  the  facing, 
and  point  to  the  conclusion,  that  for  such  walls  no  timber 
frames  were  used.  The  Eomans,  however,  appear  to  have 
discovered  that  it  was  possible,  by  using  a  timber  frame- 
work, to  do  without  the  facing  of  stone  or  brick,  and  such 
walls  were  accordingly  built,  f  Into  the  other  details  of 
concrete  construction  given  by  Professor  Middleton,  we 
cannot  enter  here.  Suffice  it  to  say  that  the  strength  of 
the  concrete  seems  not  to  have  lessened  at  all  during  the 
centuries  of  its  existence,  but  rather  to  be  greater  to-day 
than  ever. 

In  England  examples  of  Roman  concrete  or  rubble  can 
be  seen  at  Pevensey  and  Richmond,  and  other  places. 

Mediceval. — In  the  middle  ages,  concrete  was  frequently 
used  not  only  in  foundations  but  also  in  walls.  We  are 
told  that  the  walls  of  the  Castle  of  Badajos  in  Spain  still 
bear  the  marks  of  the  boarded  frames,  in  which  the  concrete 
was  deposited.  In  our  own  country,  the  Roman  practice  of 
employing  facings  of  stone  seems  to  have  been  universally 
adopted,  and  the  concrete  may  perhaps  be  more  correctly 
termed  "rubble." 

Although  many  examples  of  Norman  concrete  remain  in 
excellent  preservation,  it  must  be  confessed  that  in  many 
other  instances  it  has  failed ;  vast  piers,  apparently  of 
solid  hewn  stone,  have  yielded  under  the  weight  of  super- 
incumbent vaults  and  towers,  and  have  proved  to  be  mere 
shells  of  masonry  filled  with  masses  of  more  or  less 
incoherent  rubble. 

Concrete  was  successfully  employed  in  the  Norman  and 
Early  English  foundations  of  Ely  Cathedral,  in  Salisbury 

*  The  Builder,  July  9,  1892. 

f  Mr.  John  Slater,  B.A.,  in  Carpenters'  Hall  Lecture  on  "  Con- 
crete," March  17,  1886. 
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Cathedral,  Westminster  Abbey,  and  in  many  of  our  castles. 
At  Guildford  Castle,  which  was  erected  in  the  latter  half  of 
the  twelfth  century,  are  concrete  walls  from  11  ft.  to  14  ft. 
in  thickness  at  the  base ;  the  aggregate  consists  largely  of 
flints,  and  the  walls  were  carefully  faced  with  the  same 
material.  At  Middleham  Castle  in  Yorkshire  the  walls  were 
faced  with  dressed  stone  ;  this  has  been  removed  in  many 
places  by  successive  generations  of  predatory  builders,  and 
the  sound  rubble  hearting  has  been  exposed  to  view. 
Masses  of  rubble  lie  amid  the  ruins,  while  one  large  un- 
shapely mass  remains  poised  on  a  comparatively  slender  pier 
of  the  same  material. 

We  have  said  enough  to  show  that  good  concrete  will 
last  for  many  centuries,  but  it  must  also  be  stated  that  much 
of  the  concrete  we  have  mentioned  has  been  protected, 
during  a  great  part  of  its  existence,  by  a  facing  of  some 
other  material. 

Renaissance. — In  the  fifteenth  and  sixteenth  centuries  we 
find  Alberti  and  Palladio  describing  the  method  of  construct- 
ing concrete  walls,  and  from  them  we  learn  that  the  system 
in  use  in  those  days  was  the  same  as  the  one  used  to-day, 
with,  of  course,  slight  modifications  ;  then  as  now,  boards 
were  placed  on  each  side  of  the  intended  wall,  at  the 
proper  distance,  and  the  space  between  was  filled  with 
mortar,  pebbles,  broken  stone,  &c. 

Modern. — In  more  recent  days,  it  was  used  by  Sir 
Robert  Smirke  in  the  foundations  of  Millbank  Penitentiary 
in  1811.  Smirke's  specification  says  that  the  concrete  shall 
"  consist  of  fine  gravel  or  ballast,  freed  from  slime,  mud,  and 
sand,  except  that  a  small  portion  of  the  latter  shall  be  inter- 
mixed with  the  other  material,  in  the  proportion  the  architect 
shall  direct,  the  whole  to  be  well  puddled  and  cast  and 
mixed  in  lime-water."  Smirke's  specification  is  somewhat 
vague,  but  he  knew  how  to  deal  with  the  gravel. 

From  this  time  forward,  greater  attention  has  been  paid 
to  the  importance  of  concrete  as  a  building  material,  until 
at  the  present  day  there  is  scarcely  an  architect  who  has 
not  made  use  of  it  in  some  way  or  other.    In  1835-6, 
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Mr.  George  Godwin,  afterwards  Editor  of  The  Builder,  read  a 
paper  entitled  "  The  Nature  and  Properties  of  Concrete,  and 
its  application  to  construction  up  to  the  present  period," 
before  the  Royal  Institute  of  British  Architects,  In  it  he 
traces  the  use  of  concrete  through  various  periods  of 
architecture,  and  describes  its  use  in  his  own  day. 

Apparently  the  first  attempt  in  this  century  to  use  con- 
crete on  a  large  scale  was  made  about  1835  by  Hanger,  who 
built  a  graving  dock  and  sea-wall  at  Woolwich  ;  the 
concrete  consisted  of  grey-stone  or  hydraulic  lime,  and 
gravel,  mixed  with  hot  water.  Mr.  Bernays  said  in  1880 
that  the  sea-wall  was  "  a  few  years  ago  in  remarkably  good 
condition."  Cottages  of  Roman  cement  concrete  were  built 
at  Harwich  in  1841,  and  Bridge  water  in  1846,  of  Medina 
cement  concrete  near  Osborne  (Isle  of  Wight)  in  1852,  and 
of  Portland  cement  concrete  in  the  Isle  of  Thanet  in  the 
same  year.  The  last  were,  according  to  Mr.  Drake, 
perfectly  sound  and  free  from  damp  in  1872.  In  1865  Mr. 
Tall  patented  a  concrete-building  apparatus  or  framework. 
In  1868  Mr.  Drake  patented  his  iron  apparatus,  and  in  the 
following  six  years  "  thousands "  of  buildings  (says  Mr. 
Drake),  including  mansions,  houses,  churches,  chapels, 
warehouses,  mills,  &c,  were  built  by  means  of  it.  Besides 
these,  many  other  patents  have  been  taken  out  for  such 
appliances,  among  which  we  may  name  those  of  Osborne, 
Lish,  Potter,  Henley,  and  Broughton.  We  fear  that  many 
of  them  have  been  more  ingenious  than  useful,  and  have 
proved  of  little  benefit  to  their  inventors. 

The  introduction  of  Portland  cement,  which  is  un- 
doubtedly the  strongest  cement  the  world  has  ever  known, 
contributed  largely  to  spread  the  use  of  concrete  in  build- 
ing, and  although  it  has  not  effected  that  revolution  in 
architecture,  of  which  its  enthusiastic  admirers  dreamed,  yet 
it  has  proved  itself  to  be  an  almost  indispensable  building- 
material,  and  has,  on  account  of  its  great  strength,  and  (in 
comparison  with  hydraulic  limes  and  natural  cements)  its 
reliability,  led  to  the  employment  of  concrete  for  many 
purposes,  for  which  lime-concrete  was  utterly  unsuitable. 
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The  experiments  of  Grant,  Colson,  Hyatt,  and  others  have 
furnished  valuable  information  which  enables  us  to  use  the 
material  in  a  more  scientific  and  economical  manner. 

Uses. — Every  architect  uses  it  sooner  or  later  in 
foundations.  It  is  used  in  walls,  floors,  roofs,  stairs,  paving, 
drain-pipes,  conduits,  bridges,  arches,  lintels,  building-blocks, 
and  in  all  sorts  of  so-called  "  artificial  stones."  It  is  used 
alone  or  in  combination  with  wood,  iron,  steel,  fire-clay 
lintels,  &c.  There  are  even  concrete  doors  and  concrete 
telegraph-poles,  and  mill-chimneys  have  been  built  of  it. 
Engineers  have  used  it  in  the  sea  in  vast  monolithic  masses, 
deposited  in  situ,  or  in  huge  blocks  weighing  200  or  300 
tons  each,  or  deposited  in  sacks,  each  weighing  when  filled 
as  much  as  100  tons;  they  have  built  of  concrete,  piers, 
breakwaters,  docks,  lighthouses,  and  have  filled  with  it  the 
caissons  forming  the  foundations  of  the  biggest  bridges. 
Patents  innumerable  have  been  taken  out  for  improvements 
in  the  methods  of  making  and  using  concrete,  and  much 
money  has  been  lost  by  unsuccessful  inventors,  but  we 
advance  by  failures,  and  to-day  concrete  is  used  for  a 
greater  variety  of  purposes  than  ever  before. 
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MATRICES. 

Classification—l.  Limes  :— 1.  Rich  lime— 2.  Poor  lime— 3.  Hydraulic 
limes  (Tables  L,  II.,  and  III.)— 4.  Selenitic  limes  or  cements. 

Classification. — The  ingredients  of  concrete  are  divided 
into   two   classes: — the    cementing    materials    and  the 
cemented,  known  respectively  as  matrix  and  aggregate.  The 
former  includes  the  various  kinds  of  limes  and  cements,  and 
also  those  earths  or  sands  which,  when  mixed  with  ordinary 
lime,  enter  into  chemical  union  with  it,  and  cause  it  to  "  set  " 
after  the  manner  of  hydraulic  lime;  the  water  used  in 
mixing  the  concrete  also  falls  into  this  class,  for  without 
it  there  would  be  no  setting  or  hardening  of  any  of  the 
foregoing  substances.    The  term  "  aggregate  "  includes  the 
remaining  materials  used  in  concrete,  such  as  sand,  gravel, 
broken  stone  and  brick,  burnt  clay  and  shale,  &c. 

The  various  matrices  used  in  concrete  *  may  be  classified 
thusf  : — 

I.  Limes. — 1.  Rich,  or  pure,  or  fat  lime. 

2.  Poor,  or  impure,  or  meagre  lime, 

3.  Hydraulic  limes. 

4.  Selenitic  Hones,  or  cements. 

II.  Natural  Cements. — 1.  Roman  cement,  ike. 

2.  Plaster  of  Paris,  dec. 


Asphalt  and  Tar- Concrete  may  undoubtedly  be  considered  of 
the  nature  of  concrete,  but  they  are  beyond  the  scope  of  this  work, 
t  ^uozzolanas,  &c,  will  be  mentioned  in  the  Chapter  on  Sand. 
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III.  Artificial  Cements. — 1.  Parian  cement,  &c. 

2.  Slag  cement. 

3.  Portland  cement. 

IV.  Water. — 1.  Fresh  water. 
2.  Sea  water. 

I. — LIMBS. 

Limes  are  not  all  suitable  for  use  in  concrete.  Some  of 
them  possess  the  property  of  setting  under  water  to  a  con- 
siderable extent,  and  will  eventually  attain  great  strength 
in  such  a  position,  while  others  are  almost  entirely  soluble 
in  water,  and  are  therefore  useless  in  damp  situations. 
Some  have  an  inherent  power  of  hardening  when  mixed 
with  water  and  exposed  to  the  air,  whereas  others  merely 
dry  to  a  friable  mass. 

1.  Rich  Lime. 

Composition. — Rich  lime  is  burnt  from  stones  which 
consist  almost  entirely  of  carbonate  of  lime  {calcium  car- 
bonate), such  as  chalk,  marble,  and  some  of  the  varieties  of 
building  stone.  Other  substances — silica,  alumina,  mag- 
nesia, oxide  of  iron,  &c. — may  be  present  to  the  extent  of 
about  10  per  cent.  The  silica  is  present  in  the  form  of 
sand,  and  therefore  has  no  beneficial  effect  on  the  setting 
of  the  lime. 

Calcination. — We  do  not  propose  to  enter  into  a  de- 
tailed description  of  the  modes  of  manufacturing  either 
limes  or  cements  ;  it  will  be  sufficient  for  our  purpose  if 
we  state  broadly  the  effects  of  the  processes  of  manufacture. 
By  the  burning  of  calcium  carbonate,  the  water  and  car- 
bonic acid  gas  which  it  contains  are  expelled,  and  calcium 
oxide,  commonly  called  "  quicklime,"  remains.  The  chemi- 
cal equation,  omitting  the  water,  is  thus  expressed  : — 


C0Ca02       =       CaO        +  C02. 
Calcium  carbonate.    Calcium  oxide.    Carbonic  acid  gas. 


RICH  LIME. 


Slaking. — When  rich  lime  arrives  on  the  building-site 
for  use  in  mortar  or  plaster,  it  is  in  the  form  of  quicklime 
(calcium  oxide),  but  in  that  state  it  is  not  ready  for  use. 
It  must  first  be  slaked  by  the  addition  of  water.  Quick- 
lime readily  combines  with  water,  and  is,  if  exposed  to  the 
atmosphere,  gradually  slaked  by  absorbing  moisture  there- 
from •  in  this  slow  way  quicklime  is  slaked  for  agricultural 
purposes,  the  little  white  heaps  in  fields  being  a  familiar 
sight  in  some  parts  of  the  country.  If,  however,  a  con- 
siderable quantity  of  water  be  added,  the  calcium  oxide 
combines  with  it  with  much  violence  and  heat,  falling  to  a 
powder  two  or  three  times  the  bulk  of  the  lime  prior  to 
slaking.  This  increase  in  bulk,  when  quicklime  comes  into 
contact  with  water,  must  be  borne  in  mind,  for  the  fact  has 
an  important  bearing  on  the  subject  of  the  proper  use  of 
hydraulic  limes  and  cements.  The  chemical  change  caused 
by  slaking  is  thus  expressed  : — 

CaO    +    H20    =  Ca(HO)2. 
Calcium  oxide.    Water.    Calcium  hydrate. 

Setting. — Calcium  hydrate,  or  as  it  is  usually  termed, 
slaked  lime,  is  soluble  in  water ;  consequently  a  paste  made 
from  it  does  not  set  or  harden  under  water.  There  is 
nothing  in  its  composition,  as  there  is  in  hydraulic  limes 
and  cements,  to  give  it  the  power  of  setting  merely  on  the 
addition  of  water.  Calcium  hydrate,  if  placed  in  founda- 
tions, or  in  the  interior  of  thick  walls,  where  little  or  no 
air  can  obtain  access  to  it,  will  remain  calcium  hydrate  for 
years  without  any  increase  of  strength  whatever.  In  air, 
however,  a  certain  amount  of  chemical  action  takes  place, 
which  results  in  the  hardening  of  the  lime.  This  is  effected 
by  the  absorption  of  C02  from  the  atmosphere,  but  the 
setting  is  more  apparent  than  real,  for  it  is  only  skin  deep. 
And  not  only  is  this  re-formation  of  carbonate  of  lime 
(COCa02)  a  mere  skin,  it  is  also  of  no  great  strength.  It 
is  probable,  also,  that  the  lime  dissolved  by  the  water  used 
in  slaking  the  lime  and  making  it  into  mortar,  and  also 
by  the  slow  absorption  of  moisture  from  the  air,  gradually 
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crystallises,  and  therefore  assists  the  hardening  of  the 
mortar,  but  as  about  700  parts  of  cold  water  are  required 
to  dissolve  one  part  of  lime,  the  crystallisation  is  decidedly 
slow.  Mortar  from  the  interior  of  the  Pyramids,  where  it 
has  not  been  exposed  to  the  action  of  the  air,  still  contains 
free  lime,  although  it  is  5,000  years  old. 

Another  difficulty  attending  the  use  of  rich  lime  is  its 
great  shrinkage  or  contraction  during  the  process  of  harden- 
ing ;  in  order  to  obviate  the  ill  effects  of  this,  a  large 
quantity  of  sand  is  mixed  with  it  to  form  mortar.  The 
sand  also  fulfils  another  office,  for  it  renders  the  mortar 
more  porous,  and  therefore  assists  the  passage  of  air  and 
moisture  to  every  part  of  it. 

No  more  need  be  said  to  show  the  unsuitability  of  rich 
lime,  not  for  concrete  only,  but  for  all  manner  of  building 
work  where  cohesive  and  adhesive  strength  is  required,  but 
a  knowledge  of  the  changes  which  take  place  in  the  calcining, 
slaking,  and  setting  of  rich  lime  is  necessary  for  the  proper 
apprehension  of  some  of  the  changes  which  take  place  in 
hydraulic  limes  and  cements,  and  also  of  the  difficulties  and 
dangers  attending  their  use. 

Uses. — Rich  lime  is  used  for  agricultural  purposes,  for 
internal  plastering,  and  in  the  manufacture  of  Portland 
cement,  slag  cement,  &c. 

2.  Poor  Lime. 

Poor  lime  is  burnt  from  limestones,  which  contain  a  con- 
siderable quantity  (say,  from  10  to  30  or  40  per  cent.)  of 
matter,  nearly  the  whole  of  which  is  in  such  a  state  as  to 
have  no  power  of  combining  with  the  lime  and  exerting  a 
beneficial  effect  on  the  setting  of  it.  In  other  words,  poor 
lime  is  rich  lime  very  much  adulterated.  It  has  all  the 
disadvantages  of  rich  lime,  and  one  or  two  more.  It  slakes 
more  sluggishly  than  rich  lime,  does  not  increase  as  much 
in  bulk  or  fall  to  as  fine  a  powder,  and  requires  more  care- 
ful screening  and  grinding  on  being  made  into  mortar.  It 
ought  never  to  be  used  for  concrete. 
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3.  Hydraulic  Limes. 

Definition-. — These  limes  have  been  so  called  from  the 
property  they  possess  of  setting  under  water.  The  word 
"  hydraulic  "  used  in  this  sense  is  somewhat  of  a  misnomer, 
seeing  that  it  is  derived  from  the  Greek  hydor,  water,  and 
aulos,  a  pipe,  and  really  refers  to  the  conveyance  or  use  of 
water  by  means  of  pipes.  Custom,  however,  has  sanctioned 
its  use  in  the  sense  of  "  setting  under  water,"  and  also  the 
use  of  the  noun  derived  from  it — "  hydraulicity,"  which  is 
taken  to  signify  "  the  property  or  power  of  setting  under 
water." 

Subdivisions. — Hydraulic  limes  vary  exceedingly  in  their 
composition,  and  consequently  in  their  hydraulicity.  The 
quantity  of  lime  present  in  some  is  only  about  60  per  cent., 
while  in  others  it  is  80  or  even  90  per  cent.  ;  and  the 
time  required  for  the  lime  to  harden  under  water  varies 
from  one  or  two  days  to  three  or  four  weeks.  This  variety 
has  given  rise  to  a  subdivision  of  the  class  into  (1)  feebly, 
(2)  moderately,  and  (3)  eminently  hydraulic,  but  these  sub- 
divisions are  somewhat  indefinite,  merging  into  one  another, 
and  ranging  from  the  verge  of  rich  and  poor  limes  on  the 
one  hand,  to  the  verge  of  natural  cements  on  the  other. 
Moreover,  no  lengthy  list  of  British  hydraulic  limes  has 
ever  been  made  in  which  the  various  limes  have  been 
classified  under  these  three  heads.  The  nomenclature,  how- 
ever, affords  a  convenient  method  of  expression,  although  it 
has  not  much  practical  or  scientific  value. 

Composition. — The  most  important  hydraulic  limes  owe 
their  hydraulicity  to  the  clay,  which  forms  part  of  the  raw 
stone.  In  stones  producing  feebly  hydraulic  limes,  the 
clay  may  be  about  8  or  10  per  cent,  of  the  whole;  mode- 
rately hydraulic  limes,  from  10  to  15  per  cent.  ;  and 
eminently  hydraulic  limes,  from  15  to  20  or  even  30  per 
cent.  Any  excess  of  clay  over  30  per  cent,  is  detrimental 
to  the  setting  power  and  strength  of  the  lime. 

Another  class  of  limes  consists  of  those  which  contain 
little  or  no  clay,  but  are  rendered  hydraulic  by  the  magnesia 
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present  in  them.  In  the  raw  stone,  producing  moderately 
hydraulic  lime,  the  carbonate  of  magnesia  may  be  30  or  40 
per  cent,  of  the  whole,  and  the  carbonate  of  lime  50  or  60 
per  cent.  Nearly  all  limes  and  cements  contain  a  small 
quantity,  say,  1  or  2  per  cent,  of  magnesia,  but  it  is  only 
when  the  magnesia  reaches  about  30  per  cent,  of  the  whole 
stone,  that  it  confers  a  moderate  hydraulicity.  The  most 
important  class  of  hydraulic  limes,  however,  is  the  one  in 
which  clay  plays  a  prominent  part,  and  as  clay  is  the 
ingredient  which  confers  hydraulicity  on  that  most  im- 
portant of  all  limes  and  cements,  namely,  Portland  cement, 
more  attention  has  been  devoted  to  the  study  of  its  action 
in  combination  with  lime,  than  to  that  of  magnesia  with 
lime. 

Undoubtedly  the  most  important  class  of  hydraulic  limes 
consists  of  those  which  are  burnt  from  the  Blue  Lias  lime- 
stone. They  vary  considerably  in  their  setting  power  and 
ultimate  strength.  The  Blue  Lias  stone  is  found  at  Lyme 
Regis  in  Dorsetshire  ;  at  Pylle  and  Watchet  in  Somerset- 
shire ;  at  Barrow-on-Soar  in  Leicestershire ;  at  Rugby, 
Stockton,  Wilmcote,  and  other  places  in  Warwickshire ;  at 
Barns  tone,  near  Nottingham  ;  at  Kirton  Lindsay  in  Lin- 
colnshire ;  at  Aberthaw  in  Monmouthshire  ;  at  Whitby  in 
Yorkshire,  and  at  various  other  places  in  England.  At 
many  of  these  places  the  stone  is  used  for  the  manufacture 
of  Portland  cement,  which  is  quite  equal  to  that  made  from 
chalk  and  clay  or  mud,  as  at  Rochester  and  other  places  on 
the  Medway  and  the  Thames.  The  lias  limes  obtained  at 
Aberthaw,  and  in  Leicestershire  and  Warwickshire,  have, 
perhaps,  the  best  reputations,  but,  for  reasons  already 
stated,  no  actual  comparison  can  here  be  instituted. 

Feebly  hydraulic  limes  are  obtained  in  many  parts  of 
the  country,  but  have  merely  a  local  reputation.  Some  of 
those  used  in  London  are  obtained  from  Sussex. 

Other  hydraulic  limes  are  burnt  from  the  carboniferous 
limestones,  as  at  Holywell  in  Flintshire,  and  others  again 
from  the  magnesian  limestones  in  Yorkshire,  Derbyshire, 
and  other  counties.    Limes  of  the  latter  kind,  owe  their 
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hydraulicity  chiefly  to  the  chemical  union  of  the  lime  and 
magnesia  on  the  addition  of  water.  They  frequently  attain 
considerable  strength,  but  the  author  is  not  aware  of  any 
actual  tests  having  been  carried  out  to  show  the  difference 
between  them  and  other  hydraulic  limes.  An  analysis  of 
a  good  hydraulic  lime,  obtained  from  a  magnesian  lime- 
stone near  Doncaster  in  Yorkshire,  is  given  in  the  table  of 
analyses,  page  89. 

Calcination. — When  limestone  containing  clay  is  burnt, 
the  moisture  and  carbonic  acid  gas  are  expelled  at  a  com- 
paratively low  temperature,  and  the  clay  is  split  up  into 
its  component  parts,  silica  and  alumina ;  the  silica  is 
present  in  the  form  of  hydrated  silicic  acid  (SiHo4),  and 
combines,  as  far  as  possible,  with  the  lime  to  form  calcium 
silicate.  Silica  frequently  occurs  in  limestones  in  the  form 
of  sand  (quartz  and  flint,  Si02),  but  is  then  quite  insoluble 
and  consequently  useless.  Analyses  ought,  therefore,  to 
say  in  what  form  the  silica  occurs  ;  a  "  poor  lime "  may 
contain  a  proper  proportion  of  silica,  and  yet  possess  no 
hydraulicity  whatsoever. 

Analyses. — There  is,  of  course,  a  great  difference  in  the 
composition  of  hydraulic  limes,  and  it  is  scarcely  possible  to 
classify  them  according  to  their  hydraulicity.  A  few 
analyses  are  given  in  Table  XII.  (page  89),  in  order  that 
the  composition  of  some  well-known  limes  may  be  seen  at  a 
glance,  and  compared  with  one  another,  and  with  other 
limes  which  may  at  any  time  be  submitted  for  consideration. 

Weight. — The  weight  of  hydraulic  limes  varies  con- 
siderably, some  when  ground  being  only  a  little  heavier 
than  powdered  white  chalk  lime,  and  others  being  only  a 
little  lighter  than  Portland  cement.  The  extreme  limits 
maybe  considered  to  be  60  lbs.  and  100  lbs.  per  "striked" 
bushel  (about  1*28  cub.  ft.),  but  the  weight  varies  not  only 
according  to  the  composition  and  degree  of  calcination  of 
the  lime,  but  also  according  to  the  fineness,  freshness,  mode 
of  filling  the  measure,  &c.  Lumps  of  Halkin  Mountain 
lime  weigh  about  140  lbs.  per  bushel;  the  slaked  lime 
obtained  from  these,  weighs  only  64  lbs.  per  bushel.  The 
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weight  of  hydraulic  lime  must  not  be  taken  as  the  measure 
of  its  hydraulicity. 

Slaking. — In  all  hydraulic  limes  there  is  an  amount  of 
quicklime  (CaO)  which  has  escaped  combination  with  silica 
and  alumina ;  this  amount  is  very  large  in  the  most  feebly 
hydraulic,  very  small  in  the  most  eminently  hydraulic. 
When  water  is  added  to  the  lime,  the  oxide  of  lime  present 
in  it  is  converted  into  hydrate,  as  in  the  case  of  rich  lime, 
but  the  action  is  less  violent  and  slower  in  proportion  to 
the  quantity  of  silica  and  other  ingredients  which  the  lime 
contains.  Instead  of  falling  to  a  powder  in  a  few  minutes, 
lumps  of  hydraulic  lime  may  not  slake  in  less  than  one  or 
two  days,  and  some  of  the  best  may  take  a  week ;  there  is 
little  or  no  vapour  evolved,  and  the  increase  of  bulk  is,  in 
the  best  kinds,  comparatively  small.  But  in  all  hydraulic 
limes  there  is  a  certain  amount  of  slaking  action,  and  this 
involves  a  corresponding  increase  of  bulk.  When  a  lime- 
stone produces  by  calcination  a  substance  which,  while 
possessing  hydraulic  properties,  exhibits  no  slaking  action 
at  all,  that  substance  is  known  as  a  cement. 

The  slaking  should  be  thoroughly  effected  before  the 
lime  is  made  into  mortar,  otherwise  there  will  be  a  danger 
of  the  cohesion  of  the  latter  being  destroyed  or  impaired 
by  the  increase  in  bulk  consequent  on  the  gradual  hydra- 
tion of  the  quicklime  in  it  after  the  setting  has  commenced. 
We  have  already  said  that  an  excess  of  clay  is  detrimental ; 
such  a  lime,  when  completely  calcined,  may  set  rapidly,  but 
when  placed  in  water  will  soon  exhibit  cracks,  steadily 
increasing,  or  will  gradually  soften  throughout.  Sometimes 
hydraulic  lime  is  kept  in  a  shed  for  a  week  or  more  after 
being  slaked,  and  the  hard  lumps  which  have  resisted  the 
action  of  the  water  are  removed  before  the  lime  is  mixed 
with  sand  in  the  mortar  mill ;  such  storing  is  not  beneficial. 

There  are  two  or  three  ways  of  slaking  hydraulic  lime- 
lumps,  but  the  most  common  method  is  the  one  known  as 
"drowning."  A  basin  of  sand,  which  may  with  advantage 
be  coated  with  lime-paste  to  render  it  more  impervious,  is 
formed,  and  the  lumps  of  lime  are  spread  in  it  to  the  depth 
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of  6  in.  or  8  in.  A  quantity  of  water,  varying  in  inverse 
proportion  to  the  hydraulicity  of  the  lime,  is  then  added. 
The  Halkin  Mountain  lime  requires  about  45  gallons  of 
water  per  ton,  and  becomes,  when  slaked,  three  times  the 
bulk  of  the  lump  lime.  The  Barnstone  Blue  Lias  lime 
requires  about  40  gallons  of  water  to  the  ton.  Excess  of 
water  reduces  the  lime  to  a  paste  instead  of  a  powder,  and 
is  injurious. 

Gillmore  says  that  fresh  water  should  be  used  for  slaking 
lime,  as  sea-water  in  all  cases  causes  less  increase  of  bulk. 

After  the  water  has  been  added,  the  heap  is  covered  with 
sand  or  ashes,  or  with  a  tarpaulin,  in  order  that  the  heat 
may  be  retained  in  the  mass.  This  last  precaution  is  im- 
portant, because  hot  water  is  more  active  than  cold  in 
slaking  lime,  and  steam  is  still  more  active ;  the  vapour 
evolved  during  slaking  greatly  assists  in  disintegrating  the 
harder  lumps.  The  heap  should  not  be  disturbed  for  one 
or  more  days, — not,  in  fact,  until  the  lumps  have  been  as 
far  as  possible  reduced  to  a  fine  powder.  This  is  the  object 
of  slaking,  for  coarse  particles,  which  are  frequently  the 
hard,  well-burnt  part  of  the  lime,  may  gradually  slake 
after  being  made  into  mortar,  and  so  injure  the  mortar ; 
while,  on  the  other  hand,  they  may  prove,  if  reduced  to 
powder,  the  very  best  part  of  the  lime. 

Grinding. — The  more  hydraulic  the  lime  is,  however,  the 
more  difficult  it  becomes  to  pulverise  it  by  slaking;  mechanical 
means  must,  therefore,  be  resorted  to.  The  pulverisation 
may  be  effected  by  the  manufacturer,  in  which  case  the 
lumps  are  ground  dry,  and  the  lime  is  sold  as  "ground 
lime  ;  "  or  it  may  be  effected  on  the  building-site  by  grind- 
ing the  lime  in  a  mortar-mill.  This  may  be  done  for  three 
s:  four  minutes  dry,  then  the  sand  may  be  added,  and  in 
about  two  or  three  minutes  more  the  necessary  amount  of 
water  may  be  poured  into  the  pan,  and  the  grinding  con- 
tinued for  about  a  quarter  of  an  hour.  In  windy  places 
dry  grinding  is  a  wasteful  operation.  It  is  advisable  to 
mix  even  lime  ground  by  the  manufacturer  in  a  mortar- 
mill,  as  the  manufacturers  frequently  do  not  grind  the  lime 
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sufficiently  fine.  When  a  mortar-mill  is  not  available,  the 
lumps  should  be  screened  from  the  slaked  lime,  and  thrown 
away. 

Many  hydraulic  limes  can  only  be  obtained  in  lumps 
as  drawn  from  the  kilns ;  others,  however,  can  be  had 
either  in  lumps  or  ground.  The  lump  lime  (or  "shell" 
lime,  as  it  is  sometimes  called)  is  used  chiefly  for  mortar, 
as  this  is,  as  a  rule,  ground  in  a  mortar-mill,  but  the  ground 
lime  is  preferable  for  concrete,  as  a  mortar-mill  is  not 
usually  employed  in  preparing  this  material,  and  some  of 
the  lumps  of  lime  are  hard  enough  to  resist  for  a  long 
time,  or  even  altogether,  the  influence  of  water,  but  when 
finely  ground  become  an  energetic  part  of  the  lime. 

It  is  very  seldom,  indeed,  that  any  particular  degree  of 
fineness  is  specified  by  architects  or  guaranteed  by  manu- 
facturers. The  Aberthaw  lime  is  usually  ground  so  that 
not  more  than  15  per  cent,  remains  on  a  No.  30  sieve,  (that 
is,  a  sieve  with  900  meshes  to  the  square  inch,)  but  can  be 
more  finely  ground  when  required.  When  we  compare  this 
with  the  fineness  of  Portland  cement,  which  often  leaves 
less  than  10  per  cent,  on  a  sieve  with  2,500  meshes  to  the 
square  inch,  we  cannot  fail  to  notice  the  great  difference 
between  the  two :  but,  of  course,  there  is  a  great  difference 
in  the  cost  as  well.  Fineness  of  grinding  is  important,  for, 
other  things  being  equal,  the  more  finely  ground  the  lime 
is,  the  more  sand  will  it  bind  together ;  but  half  a  loaf  is 
better  than  no  bread,  and  any  grinding  better  than  none. 

Setting. — The  chemistry  of  setting  will  be  considered 
hereafter.  It  will  be  sufficient  to  state  now  that  setting 
and  hardening  are  due  mainly  to  crystallisation,  brought 
about  by  the  action  of  water  on  the  silicate  and  aluminate 
of  lime  and  not  as  in  the  case  of  fat  limes,  by  mere  absorp- 
tion ot  caroonic  acid  gas  from  the  atmosphere. 

Testing. — The  test  for  tensile  strength,  which  is  so 
important  a  test  of  neat  Portland  cement,  cannot  fairly  be 
applied  to  neat  hydraulic  lime,  as  its  cohesive  strength  is 
very  small.  When  lime  is  tested,  therefore,  the  briquettes 
contain  usually  three  or  more  parts  of  sand.    The  adhesive 
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strength  of  hydraulic  lime  is  sometimes  tested  by  uniting 
two  bricks  or  stones  with  mortar  and  ascertaining  the  force 
required  to  pull  them  apart  at  a  certain  age.  The  re- 
sistance of  various  hydraulic  limes  to  crushing  has  been 
occasionally  ascertained. 

A  great  many  experiments  have  been  made  by  different 
persons  on  the  strength  of  Portland  cement,  but  not  many 
have  been  made  with  the  various  hydraulic  limes.  One 
reason,  doubtless,  is  the  great  difference  which  exists 
between  different  limes,  and  the  consequent  impossibility 
of  formulating  a  series  of  standard  tests  which  shall  be 
applicable  in  all  instances.  Hydraulic  limes  are  therefore 
usually  selected  empirically,  and  not  from  knowledge  based 
on  any  scientific  tests.  They  take,  as  a  rule,  much  longer 
time  to  harden,  and  attain  less  ultimate  strength,  than 
Portland  cement ;  the  testing  of  them  is  therefore  more 
tedious,  and,  adds  Mr.  Grant,  years  would  be  required  to 
get  sufficient  tests  to  form  an  accurate  opinion  of  their 
merits. 

Tensile  Strength. — In  an  appendix  to  a  paper  read  by 
Mr.  Grant  before  the  Institution  of  Civil  Engineers,  in  1880, 
he  gave  the  results  of  experiments  made  to  ascertain  the 
tensile  and  compressive  strengths  of  various  limes  and 
cements,  mixed  with  different  proportions  of  sand.  The 
tests  for  tensile  strength  were  made  on  briquettes  having 
an  area  at  the  neck  of  2 \  square  inches  (1  \  in.  by  1  \  in.) ; 
the  sand  used  in  gauging  the  briquettes  weighed  96  lbs. 
per  bushel.  Five  briquettes  were  kept  in  air  and  five  in 
water,  and  all  were  tested  twelve  months  after  gauging. 
Table  I.,  showing  the  tensile  strength  in  lbs.  per  square 
Sen,  has  been  prepared  from  that  of  Mr.  Grant.* 

One  point  will  be  at  once  noticed  on  examining  the  table, 
and  that  is  the  greatly  increased  strength  attained  by  the 
lime  briquettes  when  kept  in  water.  In  the  case  of  No.  1 
(Grey  lime),  the  briquettes  kept  in  water  were  36  per  cent, 
stronger  than  those  kept  in  air ;  while  in  the  case  of  No.  5 

*  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  lxii. 
(1879-80),  part  iv. 

c  2 


20 


CONCRETE. 


r-<  O  03 

"  s  j? 

•2  IS  >> 


CO  •*    ■*  C?i 

COOOOrHOrHOl-OOOOCOO«>.OlCO»boOt- 
COOiOO*OOCOOOOCOOOOOCOOCOOOOOC5 


>> 
u 

*L 

ICO    1  O    lie    |  CO    1  N    I  HH    1  HH    |Q  1  (M    1  O  icq 
1  CM    |  HH    |(M    icO    1  rH    |iC    ICO    lie    1  CO    lo  |Ci 

V— /  rH 

Ave 
Rati 
strei 

Wet. 

O    |CO    llO    1  OS    1  HH    1   CO    1  H    It*    It—    1  O    1  10  I 

co   Ico  Ico  1  JO   Ico  Ico  1  co   Ico  l»o  lo  Ico  1 

rH 

d 

1-12 

s  i  I  1  I  i  I  I  I  i  I  I  i  I  I  I  I  i  1 5S  2?  2 

g.  1    1    1    1    1    1    1    M    I    1    1    1    1    1    1    1  1 

irolum 

1-10 

gllllll||lll!|||lll?c,^,,OU3 

>> 

CO 

1 

rH 

Sllillllll!llllllll§SS2 
£llllllllllMII!illS 

d 

cS 

cc 

a 

O 
1 

rH 

Bj-CCrHiCO^MOlMHOOHoOCOOJCO    ,  CO  O  "t  CO  O  C5 

UN  UN  ^-T1  (iN  UN  t-*J  *X2  dij  ^"1  ICw  W  UN  I-  1  UN  UN  w w 
— i                                                                                             1               rH  rH  rH 

lent  ai 

1 

rH 

„;iOONiSI>(NlNHHH*(NI>COCC(NiQOCC**H 
3  ^  CC  CO  i-O  H  CO  N  H  H  GO  l>  CC  M  N  H  H  H  (N  M 
rH                                                                                     rH                    r-H  i-H  r-i  rH 

3r  cen 

1 

rH 

[.•N^OiCOOOCOHOCaOlMCJt-^OCCHHOH 
^lOHHOCH05«£i5CN(NCOO»0'#COHCOl>.COHCri 
.—i               rH                                              rH         rH         rH         rH         rH  rH  rH  rH 

'  lime  i 

00 
1 

«— I 

JCOOHX55COC<IOHOCOHH(N^CONCOCOOOiCO 
pOlCH(NOT^COt>COHH^OOOWHI>H05C5CO 
•-I              HH              rH                    j—ir-^r-i        (M  H  H  NHHH 

ion  of 

1 

rH 

s  i  1 1 1  1 1  i  1 1  H i 1 1 i i 1 liliS 

Proport 

rH 

1 

rH 

I  >  i  i  i  i  i i i i 1 i i i  i  i i i igg$§ 

Neat. 

ii  i  i  i  i i i i i i ii i II i i i§5§§ 

*4 

o  P< 


£  rO 


t3  ^  o3  ^ 


^»  CD        CD  ^*  CU 


15  £? 


HH  HH 
t-  rH 


o 

*-£ 

'3 

'3 

o 

o 

% 

o 

1 

a 

1 

r— H 

r-H 

CO 

CO 

c3 

rH 

•>— i 

r3 

rJ 

rH 

CO 

HH 

Ph 


a 
•i— i 

% 

a 

rfl 

-P> 

o 

rQ 
<1 


CO 


o 

3 

■a 

C5 


H-3 
rH 

o 

a  s 

o 
o 

I 

rC3 

O 

_0h  

O  rH 


TENSILE  STRENGTH  OF  HYDRAULIC  LIMES.  21 


(Lias  lime)  the  increase  of  strength  was  no  less  than  105 
per  cent.  The  difference  is  not  so  marked  with  Portland 
cement ;  indeed,  if  we  consider  only  the  four  mortars  con- 
taining 3,  4,  5  and  6  parts  of  sand,  the  Portland  cement, 
No.  10,  was  only  5*6  per  cent,  stronger  when  kept  in  water, 
while  No.  11  was  actually  2*1  per  cent,  weaker  than  when 
kept  in  air.  If,  however,  we  consider  the  whole  of  the  Port- 
land cement  tests,  we  find  that  No.  1 0  gained  on  the  average 
7*6  per  cent.,  and  No.  11,  8*9  per  cent.,  by  being  kept  in 
water. 

This  fact  of  the  increase  of  strength  due  to  the  mortar 
being  kept  wet,  should  be  borne  in  mind,  as  it  is  often 
turned  to  practical  account  in  the  laying  of  concrete  floors 
and  in  other  work.  At  the  same  time,  however,  it  must  be 
remembered  that  increase  of  strength  occurs  only  in  those 
cases  where  the  mortar  or  concrete  is  covered  with  water 
after  it  has  been  deposited  and  has  begun  to  set.  Concrete 
actually  deposited  in  water  is  invariably  weaker  than  similar 
concrete  deposited  in  the  air ;  this  is  due  to  the  washing 
away  by  the  water  of  the  finest  particles  of  the  lime  or 
cement,  and  to  the  formation  of  a  milky  substance — which 
the  French  call  "  laitance  " — which  has  no  setting  properties. 

The  proportions  of  the  lime  or  cement  and  the  sand,  in 
this  series  of  experiments,  were  measured  by  volume  and 
not  by  weight.  This  is  the  mode  of  measurement  invari- 
ably adopted  in  making  mortar  and  concrete,  but  it  is  one 
seldom  used  in  testing  Portland  cement.  The  results  given 
in  the  table  are  really  misleading  as  to  the  relative  values 
of  the  limes  and  cements,  if  the  difference  between  their 
weights  be  not  borne  in  mind ;  for,  as  limes  and  cements 
are  sold  by  weight,  their  relative  value  can  only  be  ascer- 
tained by  taking  the  weight  into  consideration.  For  in- 
stance, compare  the  1  to  3  mortars  made  with  Rugby  Lias 
cement  (No.  9)  and  Portland  cement  (No.  11);  the  former, 
kept  in  water,  had  a  strength  of  142  lbs.  per  sq.  in. ;  the 
latter,  195  lbs.  ;  but  the  weight  of  cement  in  the  former 
mortar  was  only  as  74  is  to  120  in  comparison  with  that  in 
the  latter.    To  put  it  another  way — a  bushel  of  the  Rugby 
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Lias  cement,  weighing  74  lbs.,  is  mixed  with  3  bushels  of 
sand,  weighing  288  lbs.  ;  the  weight  of  cement  to  sand  is 
therefore  approximately  as  1  is  to  4  :  in  order  to  obtain 
this  ratio  in  the  case  of  the  Portland  cement  in  question, 
only  about  three-fifths  of  a  bushel  of  cement  would  have  to 
be  mixed  with  the  3  bushels  of  sand,  and  this  gives  a 
mortar  having  the  cement  and  sand  in  the  proportion  of 
1  to  5.  Curiously  enough,  the  strengths  of  the  Rugby 
Lias  cement  mortar,  1  to  3,  and  of  the  Portland  cement 
mortar,  1  to  5,  are  almost  identical,  being  142  and  143  lbs. 
respectively.  A  true  comparison  of  the  relative  strengths 
per  unit  of  cost  can,  in  this  way,  be  instituted.  The  Rugby 
Lias  cement  in  the  remaining  tests  given  in  the  table,  does 
not  compare  as  favourably  with  Portland  as  in  the  one  just 
considered,  and  the  enfeebling  effect  of  additions  of  sand  is 
not  by  any  means  as  great  with  the  latter  as  with  the 
former  cement. 

Compressive  Strength. — Table  XXL,  p.  183,  shows  the 
compressive  strength  of  concrete  made  with  the  limes  and 
cements  mentioned  in  Table  L,  and  exhibits  the  immense 
superiority  of  Portland  cement  under  a  crushing  strain. 

Adhesive  Strength. — The  following  table  has  been  com- 
piled from  the  circular  issued  by  the  Selenitic  Cement 
Company.  It  shows  the  force  per  square  inch  of  mortar- 
joint  required  to  tear  apart  bricks  after  they  had  been 
united  for  twenty-eight  days  by  mortars  of  various  kinds  : — 


Table  II.— Adhesive  Strength  of  Limes  and  Cements, 

IN  LBS.  PER  SQ.  INCH. 


Kind  of  Lime  or  Cement. 

Proportions  of  Lime  or  Cement, 
and  Sand. 

1  to  3. 

1  to  4. 

1  to  5. 

1  to  6. 

lbs. 

lbs. 

lbs. 

lbs. 

White  Chalk  Lime   

4f 

„         „         Selenitic. . . 

10J 

9! 

12J 

10f 

9 

6i 

„         „  Selenitic... 

27 

21 

20 

20 

23 

15J 
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Halkin  Mountain  lime  made  into  mortar  with  one  part  of 
sand  and  one  of  ashes,  has  been  found  to  have  an  adhesive 
strength  of  28*7  to  34  lbs.  per  sq.  in.  at  168  days,  tested 
with  bricks  as  above. 

Comparison  of  Grey  Lime  and  Portland  Cement. — 
Careful  experiments  have  been  made  by  Mr.  Charles 
Colson*  to  ascertain  the  relative  values  of  mortars  con- 
taining grey  lime,  Portland  cement,  and  mixed  lime  and 
cement,  the  briquettes  being  kept  in  air.  The  results  are 
summarised  in  Table  III.,  and  a  column  is  added  showing 
the  relative  cost  per  unit  of  strength. 


Table  III.— Tensile  Strength  of  Grey  Lime  and  Portland 
Cement  Mortars,  &c,  at  the  age  op  Six  Months. 


Composition  by  Volume. 

Average 
strength,  in 
lbs.  per  sq. 
inch. 

Ratios  of 
strength. 

Cost  per  cub. 
yd.  of 
mortar. 

Relative  Cost 
per  unit  of 
strength. 

No. 

ta 

0  <o 

>>£ 

u  .5 

0  J 

0 

Hi 

§ 

m 

u 

<a 

O  03 

A  EH 

1 

2 
3 

1 
1 
1 

2 
2 
2 

1-33 
1-33 
1-33 

17 

27 
27 

27-13  ) 
47-09  \  36-88 
36-44  ) 

1 

s. 
11-83 

100 

4 
5 
6 

1 
1 
1 

6 
8 
10 

1*25 
1-66 
2 

15 
20 
35 

103-79 
68-8 
50-16 

2-81 
1-86 
1-36 

11-56 
9-93 
8-88 

35 
45 
55 

7 

8 
9 

1 
1 
1 

•5 

•66 

•83 

6 
8 
10 

1-  5 
2 

2-  5 

70 
74 

85 

73-47 
58-94 
42-34 

2 

1-6 
1-14 

12-2 
10-72 
9-75 

52 
57 
72 

10 
11 
12 

1 
1 
1 

•5 

•66 

•83 

6 
8 
10 

1 

1-38 
2 

21 
25 
19 

60-8 

38-43 

28-66 

1-64 
104 
0-77 

11-44 
9-82 
8-76 

'  59 
80 
96 

in  the  foregoing  tests,  three  samples  of  grey  lime  were 
used,  and  were  found  to  vary  greatly  in  strength.  The 
fractured  briquettes  of  the  lime-mortar  "  showed  that  in- 
duration .  .  .  had  penetrated  only  to  the  extent  of  from 


*  Proc.  Inst.  C.  E.  vol.  liv.  (1877-8,  part  iv.). 
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one-eighth  to  three  -  sixteenths  of  an  inch,  but  in  the 
majority  of  instances  to  only  one-eighth  of  an  inch.  The 
remainder  of  the  area,  although  dry  and  moderately  hard, 
had  become  so  mainly  from  the  evaporation  of  the  moisture 
originally  contained  in  the  mass,  and  in  no  sense  from  the 
absorption  of  carbonic  acid.  It  was  possible,  moreover,  to 
crush  it  in  the  hand  without  any  great  exertion  of  force." 

The  loam  used  in  the  tests  was  "  yellow,  fresh-dug,  and 
rather  damp."  The  quantity  of  water  includes  that  required 
for  slaking  the  lime. 

The  Portland  cement  mortars  (Nos.  4,  5,  and  6)  were  so 
raw  and  harsh  "  that  it  would  be  practically  impossible  to 
use  them  in  a  satisfactory  manner."  In  order  to  render 
them  "more  plastic  and  tenacious,"  lime  or  loam  was  added 
in  the  remaining  tests,  to  the  extent  of  one-twelfth  of  the 
volume  of  the  sand,  this  being  the  least  quantity  that  would 
render  the  mortars  convenient  for  working.  Both  these  in- 
gredients act  injuriously  on  the  mortars,  and  materially 
enhance  the  cost  per  unit  of  strength.  Loam,  however,  is 
much  the  worse  of  the  two.  If  we  compare  tests  5  and  11, 
we  find  that  the  addition  of  the  small  quantity  of  loam 
lessens  the  value  of  the  mortar  more  than  50  per  cent. 
The  real  economy,  therefore,  of  using  clean  sand — artificially 
washed  if  necessary — is  evident. 

Storing. — All  limes  and  cements  have  a  tendency  to 
absorb  moisture,  and  if  they  are  left  too  long  in  a  damp 
atmosphere,  they  will  be  entirely  spoilt.  As  we  have 
already  seen  in  the  case  of  rich  limes,  moisture  causes  the 
hydration  of  the  lime,  converting  the  quicklime  {calcium 
Oixide)  into  calcium  hydrate,  the  latter  having  two  or  three 
times  the  bulk  of  the  former.  The  same  action  takes  place 
in  hydraulic  limes,  but  not  to  so  great  an  extent.  For  this 
reason,  however,  manufacturers  frequently  warn  their  cus- 
tomers that,  if  ground  lime  is  not  used  at  once,  it  should  be 
emptied  out  of  the  bags,  as  otherwise  the  expansion  of  the 
lime  will  probably  burst  them.  The  lime  can  be  stored 
either  in  casks  or  on  a  dry  floor  in  a  warehouse,  and  may 
then  be  kept  for  some  weeks,  or  even  months,  without 
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detriment.  This  air-slaking  causes  the  lime  to  set  more 
slowly  than  when  fresh,  and  this  is  frequently  an  advan- 
tage. For  works  in  running  water,  where  rapidity  of  set  is 
necessary,  ground  lime  is  often  used  fresh. 

Uses.— Hydraulic  lime  cannot,  of  course,  be  used  for  as 
many  purposes  as  Portland  cement.  No  one  would  think 
of  using  it  now  for  the  surface  of  paving,  for  floors,  sewers, 
moulded  work,  or  artificial  stone ;  but  it  is  largely  used  for 
concrete  in  ordinary  foundations  and  ground  layers,  and  for 
mortar ;  it  has  also  been  employed  successfully  for  concrete 
in  the  walls  of  buildings,  but,  in  England  at  any  rate,  it  is 
now  superseded  for  that  purpose  by  Portland  cement. 

Mixtures  of  lime  and  Portland  cement  have  also  been 
used  for  the  matrix  of  concrete,  the  result  being  of  course, 
a  stronger  concrete  than  if  the  matrix  had  been  entirely  of 
lime.  But  mixtures  of  this  kind  are  of  doubtful  advantage, 
and  whenever  they  are  used  great  care  must  be  exercised 
that  the  lime  is  thoroughly  slaked  before  the  cement  is 
added  to  it,  as  otherwise  the  concrete  may  "blow." 


4.  Selenitic  Limes  or  Cements. 

History. — Selenitic  lime  or  cement  was  first  made  and 
patented  by  General  Scott  about  1870,  and  a  company  was 
soon  formed  to  carry  on  the  manufacture  of  it.  The  patent 
expired  some  years  ago,  and  selenitic  lime  is  now  made  at 
many  lime  and  cement  works  in  various  parts  of  the 
country,  but  especially  from  the  Lias  lime  in  Warwickshire 
and  Leicestershire. 

Composition. — The  invention  consisted  in  the  addition  of 
a  certain  quantity  of  sulphate  of  lime  to  the  natural  lime. 
Sulphate  of  lime  (CaSOJ  occurs  naturally  in  various  forms,  as 
selenite,  gypsum,  and  alabaster.  It  is  from  the  first  of  these 
that  selenitic  lime  received  its  name.  Plaster  of  Paris  is 
calcined  from  the  second,  namely,  gypsum,  and  Kobinson's 
cement  (to  be  mentioned  hereafter)  is  calcined  alabaster. 
Keene's,  Martin's,  and  Parian  cements  also  consist  chiefly  of 
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sulphate  of  lime.  But  the  point,  in  which  selenitic  lime 
differs  from  all  these,  is  that  the  sulphate  is  present  only  in 
a  small  quantity,  and  does  not  form  the  bulk  of  the  lime  or 
cement.  In  fact,  about  5  per  cent,  of  plaster  of  Paris  added 
to  lime,  converts  it  into  a  selenitic  lime.  The  better  the 
natural  lime  is,  the  better,  it  is  said,  will  be  the  selenitic 
lime  manufactured  from  it ;  that  made  from  grey  lime  will 
be  inferior  to  that  made  from  Blue  Lias  lime.  This  state- 
ment is  not  confirmed  by  Mr.  Grant's  experiments  already 
quoted  (Table  L,  p.  20). 

Tensile  Strength. — There  can  be  no  doubt  that  the 
process  increases  both  the  cohesive  and  adhesive  strength 
of  limes  to  a  great  extent,  but  Mr.  Grant's  tests  do  not 
show  as  great  an  increase  of  strength  as  do  those  published 
by  the  Selenitic  Company.  Perhaps  this  is  not  to  be 
wondered  at.  The  experiments  go  to  prove  that,  at  the 
end  of  twelve  months,  a  mortar  composed  of  one  part  of 
selenitic  lime  and  five  parts  of  sand  is  equal  in  tensile 
strength  to  a  mortar  composed  of  the  same  lime  (but 
without  plaster  of  Paris)  and  three  parts  of  sand.  Sele- 
nitic treatment  improved  the  grey  lime  100  per  cent, 
when  kept  in  air  and  109  per  cent,  when  kept  in  water,  but 
improved  the  Lias  lime  (No.  2)  only  57  per  cent,  in  air  and  66 
per  cent,  in  water ;  however,  the  strength  of  the  latter  lime, 
when  made  into  mortar  with  six  parts  of  sand,  was  about  25 
per  cent,  more  than  a  similar  mortar  made  from  the  former. 

Adhesive  Strength. — We  have  already  said  that  sele- 
nitic treatment  improves  the  adhesive  strength  of  limes; 
Table  II.  shows  this  conclusively.  The  great  sand-carrying 
capacity  of  selenitic  lime  is  one  of  the  chief  advantages 
claimed  for  it,  and,  according  to  the  table,  it  is  in  this 
respect  superior  to  some  kinds  of  Portland  cement. 

Compressive  Strength. — The  series  of  experiments,  made 
by  Mr.  Grant  and  given  in  Table  XXL  (p.  183),  shows  that 
concrete  made  of  selenitic  grey  lime,  gravel,  and  sand,  is  71 
per  cent,  stronger  than  a  similar  mixture  of  ordinary  grey 
lime,  gravel,  and  sand,  and  that  the  selenitic  treatment  in- 
creases the  strength  of  Lias  lime  concrete  about  38  per  cent. 
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These  figures  are  the  average  of  thirty  tests  of  6-in.  cubes 
in  each  case.  But  the  strongest  selenitic  lime  tested  by 
Mr.  Grant,  namely,  selenitic  Rugby  Lias,  gave  results  far 
below  those  given  by  Portland  cement,  tested  in  the  same 
manner.  The  resistance  to  crushing  of  6-in.  cubes  of  con- 
crete, made  from  one  part  of  selenitic  Rugby  Lias  and  six 
parts  of  gravel  and  sand,  was  9*28  tons,  while  similar  cubes 
of  Portland  cement  concrete  crushed  at  25*19  tons. 

Storing. — Like  all  other  limes  and  cements  it  should  be 
kept  perfectly  dry,  if  not  used  fresh. 

Uses. — Selenitic  lime  is  used  in  mortar  and  concrete,  but 
opinions  differ  as  to  the  value  of  the  treatment.  Certainly 
engineers  do  not  use  it  in  important  works,  but  prefer  Port- 
land cement.  A  series  of  experiments,  made  by  Mr.  E.  C. 
Clarke  in  connection  with  the  Boston  (U.S.A.)  Main  Drain- 
age Works  (1878-84),  convinced  him  that  selenitic  treat- 
ment "had  not  improved  the  cement  sufficiently  to 
compensate  for  the  increased  cost."  The  late  Mr.  G.  E. 
Street,  R.A.,  used  selenitic  lime  in  the  concrete  founda- 
tions, &c,  of  the  Law  Courts,  after  its  value  had  been 
demonstrated  by  a  series  of  experiments  carried  out  by  one 
of  his  clerks-of- works ;  and  it  was  used  in  several  other  im- 
portant buildings  at  the  same  time.  It  is  more  frequently 
adopted  for  plastering  than  for  concrete,  and  has  been  used 
for  that  purpose  in  many  large  works,  including  the  Law 
Courts  and  the  Manchester  Town  Hall. 
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MATRICES  —(continued). 

II.  Natural  Cements  : — 1.  Roman,  Medina,  and  kindred  cements 
(Table  IV.)-  2.  Plaster  of  Paris  (Table  V.),  Robinson's  cement 
(Table  VI.). 

II. — NATURAL  CEMENTS. 
1.  Roman,  Medina,  and  Kindred  Cements. 

History. — The  discovery  of  natural  cement  in  England 
is  due  to  Parker,  who  in  1796  took  out  a  patent  for  its 
manufacture.  Up  to  that  time,  English  architects  and 
engineers  had  relied  chiefly  on  puozzolana  from  Italy  for 
rendering  lime  hydraulic,  and  it  was  probably  for  this 
reason  that  the  name  "  Roman  Cement "  was  given  to  the 
new  discovery. 

Raw  Materials. — The  cement  was  originally  obtained 
by  the  calcination  of  nodules,  or  septaria,  found  in  the 
London  clay,  and  afterwards  of  those  dredged  from  the 
Solent.  These  contain  more  clay  than  the  raw  stone 
either  of  hydraulic  lime  or  Portland  cement.  The  latter 
contains  about  25  per  cent,  of  clay,  &c,  while  Roman 
cement  contains  from  25  to  35,  or  even  40  per  cent. 

Besides  the  cement  more  particularly  known  as  "  Roman, " 
there  are  others  which  are  very  similar,  but  which  have 
received  different  names ;  such  as  "  Medina  Cement,"  made 
in  the  Isle  of  Wight;  "Atkinson's  Cement,"  made  at 
Whitby  in  Yorkshire ;  and  "  Harwich  Cement  "  and 
"  Sheppey  Cement,"  named  from  the  places  of  their  manu- 
facture. "  Calderwood  Cement,"  made  near  Glasgow,  is  of 
similar  character. 

Some  of  the  Carboniferous  limestones  of  Derbyshire,  &c, 
and  of  the  Lias  limestones  of  Warwickshire,  yield  on  cal- 
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cmation  cements  approximating  to  the  Eoman  cement.  At 
Boulogne,  in  France,  a  natural  cement  is  found,  which, 
from  its  similarity,  both  in  composition  and  action,  to 
Portland  cement,  has  been  called  "Natural  Portland." 
America,  however,  is  the  great  home  of  natural  cements, 
and  there  such  cements  have  received  most  attention. 

In  England  the  Roman  and  kindred  cements  have  been 
largely  superseded  by  Portland  cement,  because  of  the 
superior  strength  of  the  latter  and  its  greater  capacity  for 
sand.  There  are,  however,  situations  in  which  the  natural 
cements  can  be  used  with  advantage  on  account  of  their 
quickness  of  set,  but  there  are  Portland  cements  manufac- 
tured now  which  set  almost  as  quickly  as  the  natural  cements. 

Into  the  details  of  manufacture  and  composition  we  do 
not  propose  to  enter.  It  will  suffice  to  say  that  the  com- 
position of  natural  cements,  even  from  the  same  place, 
varies  considerably,  and  this,  of  course,  is  a  disadvantage. 
They  are  burnt  at  a  comparatively  low  temperature,  other- 
wise they  would  fuse  into  glassy,  useless  lumps  on  account 
of  the  iron,  &c,  which  they  contain.  After  calcination, 
they  contain  a  certain  amount  of  uncombined  lime,  that  is 
to  say,  calcium  oxide,  and  also  a  small  quantity  of  tri- 
calcium  silicate,  which  is,  according  to  Le  Chatelier,  the 
most  important  ingredient  of  Portland  cement :  the  bulk  of 
the  cement,  however,  consists  probably  of  calcium  alumi- 
nates,  and  it  is  this  which  differentiates  them  from  Port- 
land cement.  The  cement-stone,  after  calcination,  will  not 
slake  on  the  addition  of  water,  and  is  therefore  ground 
between  mill-stones ;  the  powder  is  then  packed  into 
barrels  or  sacks,  ready  for  use,  and  should  be  kept  tho- 
roughly dry,  as  it  is  very  liable  to  deterioration  from  mois- 
ture.   The  finer  the  cement  is  ground  the  better  will  it  be. 

Weight.— The  weight  of  a  "striked"  bushel  of  Roman  or 
Medina  cement  is  about  75  lbs.  to  80  lbs.,  being  therefore 
about  30  lbs.  less  than  the  same  quantity  of  Portland 
cement. 

Strength. — The  strength  of  the  different  natural  cements 
varies  greatly,  but  the  very  best  do  not  attain  the  strength 
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of  good  Portland  cement.  When  tested  neat,  the  superi- 
ority of  the  latter  is  not  so  marked,  but  the  more  sand  is 
added,  the  greater  does  the  disparity  between  the  strength 
of  the  two  kinds  of  cement  become.  So  small  indeed  is 
the  adhesive  strength  of  Roman  cement,  that  it  is  seldom 
mixed  with  more  than  its  own  bulk  of  sand. 

Tensile  Strength.  —  Table  L  (page  20),  gives  the 
tensile  strength  of  a  Rugby  Lias  cement  and  of  two 
Portland  cements,  and  shews  the  superiority  of  the  latter, 
and  especially  their  superior  sand-capacity.  The  Rugby 
Lias  cement  mortar  (1  to  6)  is  70  per  cent,  weaker  than 
the  1  to  3  mortar,  while  with  Portland  cement  the 
difference  is  only  43  per  cent. ;  or,  to  put  it  another  way, 
Portland  cement  is  about  twice  as  strong  as  the  other 
when  both  are  mixed  with  three  parts  of  sand,  but  with 
six  parts  of  sand  it  is  nearly  four  times  as  strong.  Ac- 
cording to  this  table,  the  strength  of  briquettes  kept  in 
water  is,  at  twelve  months,  considerably  in  excess  of  those 
kept  in  air.  Table  IV.  shows  the  strength  of  other  natural 
cement  briquettes,  at  28  days,  to  be  less  when  kept  in 
water  than  in  air. 


Table  IV.*— Strength  of  Roman  and  Portland  Cement 
Mortars  (1  Cement  to  3  Sand)  in  lbs.  per  sq.  inch. 


Cement. 

Measured 

by 

Kept 
in 

Tensile 
Strength. 

Compressive 
Strength. 

Ratio  between 
Tensile  and  Com- 
pressive strength 

7  days. 

28  days. 

7  days. 

28  days. 

7  days. 

28  days. 

Roman  . 
>? 

Portland 

Weight 
h 

11 

Water 

Air 
Water 

Air 

40-5 
111-5 
211 
237 

121-5 
200 
273 
304 

300 
530 
1735 
1860 

882 
1149 
2690 
2800 

1-7-4 
1-4-8 
1  -  8-3 
1-7-9 

1-7-3 
1-5-7 
1-9-8 
1-9-3 

Roman  . 
?i 

Portland 
?> 

Volume 
?> 
» 

5) 

Water 

Air 
Water 

Air 

18-5 
58-2 

203 

228 

54-1 

94 
265 
278 

123 
178 
1535 
1715 

322 
488 
2490 
2670 

1-6-7 
1-3 
1-7-6 
1-75 

1-5-9 
1-5-2 
1-9-4 
1-9-6 

*  The  figures  in  this  table  are  taken  from  the  Proc.  Inst.  C.  U., 
vol.  ciii.  (1890-1)  part  i.,  but  two  or  three  evident  misprints  have 
been  corrected. 
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Professor  Dr.  Boehme  obtained  the  results  as  shown  in 
Table  IV.  with  Roman  and  Portland  cements  mixed  with 
sand  in  the  proportion  of  1  to  3,  some  of  the  briquettes 
being  kept  in  air  and  some  in  water. 

One  important  point  which  these  tests  exhibit  is  the 
great  difference  in  the  strength  of  mixtures  of  Roman 
cement  and  sand,  measured  by  weight  and  by  volume. 
The  difference  with  Portland  cement  is  not  so  striking, 
because,  bulk  for  bulk,  the  weight  of  Portland  cement  is 
not  much  different  from  that  of  sand ;  in  this  case,  the  pro- 
portion of  1  to  3  by  weight  was  equal  to  1  to  2*864  by 
volume.  But  with  Roman  cement  the  briquettes,  propor- 
tioned by  weight,  are,  on  the  average,  exactly  60  per  cent, 
weaker  than  those  proportioned  by  volume.  This  difference 
is  due  to  the  heaviness  of  the  sand  in  comparison  with  that 
of  the  cement ;  the  briquettes  measured  by  volume  contain, 
therefore,  considerably  more  sand  in  proportion  than  those 
measured  by  weight. 

When  we  consider  that  in  making  briquettes,  the 
ingredients  are  usually  proportioned  by  weight,  and  in 
making  concrete  or  mortar  by  volume,  we  see  how  easily  an 
error  may  be  made  in  calculating  the  probable  strength  of 
a  structure.  If  tests  of  briquettes  made  by  weight  give  a 
certain  strength  per  square  inch,  and  this  strength  be 
made  the  basis  of  calculation  for  the  strength  of  concrete 
made  by  volume,  the  result  may  be  disastrous,  for  the 
concrete  may  have  less  than  half  the  strength  which  the 
calculations  show  it  ought  to  possess. 

A  little  arithmetic  suffices  to  reduce  the  proportion  by 
weight  to  the  proportion  by  volume,  provided  that  the 
weights  of  the  cement  and  sand  are  known.  If  cement 
weighing  75  lbs.  per  bushel  be  mixed  with  sand  weighing 
100  lbs.  per  bushel  in  the  proportion  of  1  to  3  by  weight, 
we  should  have  75  lbs.  (=1  bushel)  of  cement,  and  225 
lbs.  (=  2*25  bushels),  of  sand,  or  a  proportion  of  1  to  2  £ 
by  volume,  which  would  be  20  per  cent,  stronger  than  1  to 
3  by  volume. 

The  great  strength  of  Portland  cement  in  comparison 
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with  the  Roman  is  also  plainly  shown.  If  we  take  the 
briquettes  proportioned  by  volume  and  set  in  air,  these 
being  the  conditions  usually  obtaining  in  buildings,  we  find 
the  tensile  strength  of  Portland  cement  and  Roman  cement 
to  be  as  4  to  1  at  seven  days  and  3  to  1  at  twenty-eight 
days,  and  the  compressive  strength  as  nearly  10  to  1  at 
seven  days  and  over  5  to  1  at  twenty-eight  days.  These 
ratios  show  that  the  Portland  cement,  although  it  sets 
more  slowly  than  the  other,  attains  a  greater  proportion  of 
its  ultimate  strength  at  seven  days  than  does  the  Roman. 

Other  experiments  by  Mr.  Grant  extended  over  a  period 
of  seven  years,  and  included  tests  of  Portland,  Roman  and 
Medina  cements.  The  results  showed  that,  roughly  speak- 
ing, the  first  two  attained  their  full  strength  at  the  age  of 
2  years,  and  the  last  at  the  age  of  one  year.  After  these 
periods  the  Portland  cement  remained  stationary,  the 
Roman  cement  increased  a  little  (about  9  per  cent.),  while 
the  Medina  cement  unaccountably  lost  nearly  one-half  its 
strength  before  the  end  of  the  second  year,  but  in  the  suc- 
ceeding five  years  gradually  regained  nearly  one-half  this 
loss.  Portland  cement  mortar  (1  to  1)  was  found  to  be 
considerably  stronger  than  neat  Roman  or  Medina  cement. 
Neat  Portland  cement  was  stronger  at  7  days  than  either 
of  the  other  cements  at  any  period. 

Some  interesting  experiments  with  Portland  cements  and 
natural  American  cements  were  made  by  Prof.  E.  J.  De 
Smedt  (of  Washington,  U.S.A.),  showing  their  gradual 
increase  of  strength  from  one  day  to  twelve  months;  at 
ten  days  the  Portland  cements  were  about  one-half  the 
strength  they  attained  at  twelve  months,  and  the  natural 
cements  about  one-third. 

Adhesive  Strength. — The  adhesive  strength  of  natural 
cement  is  only  about  one-half  that  of  good  Portland  ce- 
ment, both  tested  neat;  and  the  advantage  of  Portland 
cement  increases  with  increasing  quantities  of  sand. 

Compressive  Strength. — Table  IV.  shows  that  the  com- 
pressive strength  of  Roman  cement  mortar  (1  to  3,  pro- 
portioned by  weight)  at  28  days  is  only  one-third  that 
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of  a  similar  Portland  cement  mortar,  and  that,  when  the 
ingredients  are  proportioned  by  volume,  its  strength  is 
less  than  one-sixth  that  of  the  latter.  Mr.  Grant  found 
that  cubes  of  Portland  cement  concrete  (1  cement  to 
6  gravel  and  sand)  were,  at  the  age  of  12  months,  five 
or  six  times  as  strong  to  resist  compression  as  similar 
cubes  of  Rugby  Lias  cement  concrete  ;  when  the  con- 
crete was  composed  of  1  cement  to  10  gravel  and  sand, 
the  Portland  cement  concrete  was  found  to  be  nine 
times  as  strong  as  the  other  (see  Table  XXL,  page  183). 
The  ingredients  in  Mr.  Grant's  tests  were  proportioned  by 
volume,  and,  as  we  have  already  shewn,  this  is  not  quite 
fair  to  the  Lias  cement ;  after  making,  however,  full 
allowance  for  this,  the  balance  remains  largely  in  favour  of 
the  Portland  cement. 

Transverse  Strength. — A  test  of  the  transverse  strength 
of  a  Roman  cement  is  given  in  Table  XL  (p.  72). 

Uses.  — The  advantages  of  Portland  cement  are  so 
great  that  it  has  almost  ousted  Roman  from  the 
market.  One  reason  why  the  natural  cements  continue  in 
use  is  that  they  set  in  a  few  minutes,  and  can,  therefore, 
be  used  in  running  water,  where  a  slow-setting  cement 
would  probably  be  washed  away  before  it  had  had  time  to  set. 
Engineers  sometimes  make  use  of  Roman  cement,  either 
alone  or  in  combination  with  Portland,  for  exposed  works 
in  the  sea,  where  rapidity  of  set  is  required.  Such  cements 
are  also  useful  for  bedding  floor-tiles  upon,  and  for  other 
purposes  where  rapid  setting  is  a  necessity.  This  rapidity 
of  setting,  however,  renders  the  cement  difficult  to  use,  and, 
in  the  hands  of  careless  workmen,  causes  bad  results. 
Only  a  little  should  be  mixed  at  a  time,  and  that  must  be 
used  immediately,  and  must  not  be  disturbed,  either  by 
ramming  or  in  any  other  way,  after  it  has  been  deposited 
in  its  place. 

2.  Plaster  of  Paris,  <fcc. 

Composition,  &c. — Plaster  of  Paris  is  ground  from  the 
clinker  obtained  by  burning  gypsum  at  a  temperature  of 
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250  to  270  degrees  Fahrenheit,  until  nearly  the  whole  of 
the  moisture  in  it  has  been  expelled.  Gypsum  is  a  hydrated 
sulphate  of  lime  (Ca  S04  +  2H20) ;  plaster  of  Paris  contains 
only  one-fourth  the  quantity  of  water,  and  is  expressed  thus, 
2  CaS04  +  H20.  On  the  addition  of  water  to  the  plaster 
the  particles  are  reconverted  into  gypsum,  which  dissolves 
in  the  water.  When  the  latter  becomes  super-saturated, 
crystallization  takes  place,  the  gypsum  being  deposited  in 
groups  of  fibre-like  crystals.  This  setting  process  is  very 
rapid,  the  plaster  being  "  set  hard  "  in  a  few  minutes. 

Plaster  of  Paris  weighs  about  64  lbs.  per  "striked"  bushel, 
or  one-third  less  than  finely-ground  Portland  cement,  and 
its  strength  likewise  bears  about  the  same  ratio  to  that  of 
the  latter. 

Strength. — The  average  tensile  strength  of  neat  plaster 
of  Paris  briquettes,  kept  in  air,  was  ascertained  by  Mr. 
Lockwood  to  be  355  lbs.  per  square  inch,  and  of  neat 
Portland  cement  briquettes  649  lbs.  per  square  inch,  all 
being  made  at  the  same  time,  and  tested  at  the  end  of 
fourteen  days.  Some  briquettes  of  plaster  of  Paris  were 
immersed  in  water,  but  would  not  set  there. 

Uses. — Plaster  of  Paris  has  been  used  in  concrete,  notably 
by  Messrs.  Dennett  &  Ingle,  for  fire-resisting  floors  and 
ceilings.  It  cannot  be  used  for  concrete  in  foundations 
or  in  water,  or  for  concrete  walls  and  stucco  exposed  to 
the  atmosphere,  as  it  is  soluble  in  water.  For  floors  and 
internal  plastering,  however,  it  can  safely  be  used. 

Resistance  to  Fire. — It  is  often  said  that  plaster  of 
Paris  resists  the  influence  of  fire  more  than  any  other 
cement,  but  we  are  of  opinion  that  its  fire-resisting  proper- 
ties have  been  much  over-valued,  and  are  inclined  to  think 
that  it  has  no  advantage  in  this  respect  over  good  Portland 
cement.  A  series  of  experiments  has  been  carried  out 
under  the  direction  of  Mr.  J.  J.  Webster,  M.I.C.E.,  which 
do  not  place  it  in  a  very  favourable  light.  The  results  will 
be  found  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  vol.  cv.  (  1890-1,  part  iii.  ).  Briquettes, 
having  a  breaking  area  of  2\  square  inches,  were  made  of 
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various  mixtures  of  plaster  of  Paris,  with  slag,  fire-brick, 
and  pumice-stone,  and  of  Portland  cement  with  the  same 
and  other  aggregates.  Ten  briquettes  of  each  kind  were 
made,  kept  in  air,  and  tested  for  tensile  strength  at  the 
end  of  four  or  five  weeks.  Five  of  these  were  broken  at 
the  usual  temperature  of  about  60  degrees  Fahr.  The 
other  five  "  were  carefully  heated  on  the  top  of  a  specially 
built-up  fire  of  coal  and  coke  until  they  were  of  a  light-red 
heat,  the  average  time  of  exposure  to  the  heat  being  about 
five  minutes  ;  they  were  then  removed,  and  whilst  hot  were 
quenched  with  water.  A  large  number  of  the  briquettes 
lost  all  cohesive  power  after  being  quenched,  and  it  was 
with  difficulty  that  they  were  removed  intact;  as  they  could 
not  in  this  state  withstand  any  tensile  strain,  they  were 
allowed  to  dry  "  for  three  days.  They  were  then  broken. 
A  summary  of  the  results  is  given  in  Table  V.,  copied  (with 
certain  alterations)  from  Mr.  Webster's  paper. 

This  table  needs  some  comment.  In  the  first  place,  there 
are  evidently  several  clerical  or  printers'  errors  in  the  table 
as  printed  in  the  Proceedings,  for  the  average  strengths  of  the 
briquettes  given  in  the  fifth  and  sixth  columns  do  not  tally 
in  four  cases  with  those  calculated  by  the  author  from  the 
individual  tests,  which  are  separately  given  by  Mr.  Webster. 
The  only  two,  however,  in  which  considerable  variation 
occurs,  are  tests  8  and  11,  column  6,  where  Mr.  Webster 
has  39-06  and  6*9  instead  of  30*06  and  4*7.  But  in  the 
last  column  errors  appear  to  have  been  made  in  calculation, 
and  some  of  these  were  so  great  as  to  give  quite  a  wrong 
idea  of  the  relative  value  of  the  different  mixtures;  the 
author  has  therefore  re-calculated  the  loss  per  cent,  in  all 
cases.  The  following  are  the  figures  given  by  Mr.  Webster : 
60-8,  80-0,  81-4,  79-8,  69«3,  50*9,  59*5,  57-1,  75-0,  94*7, 
96-8,  90-0. 

It  ought  also  to  be  mentioned  that  out  of  the  five  briquettes 
of  the  several  kinds,  which  were  heated  and  quenched,  one 
in  No.  2  and  one  in  No.  3  were  "  damaged  before  testing," 
three  in  No.  4  were  "  damaged  before  testing  owing  to  their 
soft  condition,"  one  in  No.  6  was  "  broken  in  adjusting  in 
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the  machine,"  two  in  No.  9  were  "  too  soft  to  be  tested," 
and  one  in  No.  10  and  one  in  No.  11  were  "damaged  be- 
fore testing."  Of  the  briquettes  tested  in  the  ordinary  way, 
two  in  No.  5,  one  in  No.  6,  one  in  No.  8,  and  one  in  No.  1 1 
were  "  broken  in  adjusting  in  the  machine,"  and  another  in 
No.  11  was  "damaged  before  testing." 

Mr.  Webster  has  based  his  calculations  on  the  strength 
of  the  briquettes  which  were  actually  tested  in  the  machine, 
and  has  ignored  the  absolute  lack  of  strength  in  those 
briquettes  which  were  too  soft  to  be  tested,  and  the 
apparent  weakness  of  those  which  were  damaged  before 
testing.  We  are  not  told  whether  the  damages  to  these 
last  resulted  from  being  heated  and  quenched,  or  from 
accident  at  the  hands  of  the  operator,  but  it  certainly 
seems  only  fair  that  those  briquettes  which  were  too  soft 
to  be  tested  ought  to  be  reckoned.  If  we  do  this,  we  find 
that  the  briquettes  of  Portland  cement  and  sand  (1  to  5) 
have  an  average  strength  after  heating  and  quenching  of 
only  6  lbs.,  and  the  loss  of  strength  will,  therefore,  appear 
as  91*9  per  cent.,  and  this  is  certainly  more  in  accordance 
with  what  we  should  expect  for  briquettes  containing  such 
a  large  proportion  of  sand.  If  we  apply  the  same  method 
to  the  briquettes  of  plaster  of  Paris  and  firebrick  (1  to  4), 
of  which  two  were  too  soft  to  be  tested,  we  get  an  average 
strength  in  column  6  of  6*2  lbs.,  and  a  loss,  after  heating 
and  quenching,  of  90*4  per  cent. 

More  valuable  results  would  have  been  obtained  if  the 
plaster  of  Paris  had  been  tested  neat,  and  also  with  coke- 
breeze  and  with  sand,  in  exactly  the  same  manner  as  the 
Portland  cement  was  tested,  but  the  tests  are  sufficient  to 
show  that  concrete  of  Portland  cement  is  not  only  originally 
stronger  than  that  of  plaster  of  Paris,  but  that  it  also  with- 
stands the  deteriorating  influence  of  fire  and  water  better. 
The  only  tests  which  are  strictly  comparable  are  Nos.  6  and 
7  on  the  one  side,  and  Nos.  9  and  10  on  the  other.  These 
show  that  briquettes  of  Portland  cement  and  firebrick  (1  to 
4)  are  originally  26  per  cent,  stronger  than  similar  ones  of 
plaster  of  Paris  and  firebrick,  while  after  heating  and  quench- 
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ing  they  are  no  less  than  196  per  cent,  stronger,  or,  reckoning 
the  two  soft  briquettes,  392  per  cent,  stronger.  Tested 
with  four  parts  of  pumice-stone,  Portland  cement  is  origin- 
ally 64  per  cent,  stronger,  and  after  heating  and  quenching, 
it  is  actually  1,026  per  cent,  stronger  than  plaster  of  Paris. 
The  average  loss  of  strength  caused  by  heating  and  quench- 
ing the  Portland  cement  briquettes  in  the  series  Nos.  6  and 
7,  is  61*6  per  cent.,  while  the  plaster  briquettes  in  Nos.  9 
and  10  lost  89*2  or  (more  correctly,  we  think)  92*2  per 
cent.  The  test,  of  course,  was  very  severe,  and  concrete 
can  hardly  ever,  in  actual  construction,  be  heated  to  such  a 
degree  and  quenched  so  quickly,  but  it  leads  us  to  believe 
that  Portland  cement  resists  fire  better  than  does  plaster  of 
Paris. 

Mr.  Hamor  Lockwood  made  several  blocks  of  concrete, 
some  with  gypsum  and  broken  retorts  (1  to  3),  and  others 
with  Portland  cement  and  burnt  shale  (1  to  4).  At  the  age 
of  six  weeks  they  were  all  "  subjected  to  intense  heat  for 
1  hour  and  45  minutes,  after  which  they  were  plunged  into 
water  for  8  minutes,  and  when  taken  out  those  made  with 
gypsum  were  completely  disintegrated  ;  whilst  it  took  con- 
siderable force,  applied  with  a  sledge-hammer,  to  break 
those  formed  with  Portland  cement."  These  tests  would 
have  been  more  valuable  if  the  nature  and  proportion  of 
the  aggregate  had  been  the  same  in  each  case,  but  they 
certainly  point  to  the  truth  of  our  contention,  that  the  fire- 
resisting  properties  of  plaster  of  Paris  and  allied  cements 
have  been  greatly  over-estimated. 

Experiments  were  made  about  sixteen  years  ago  by 
Mr.  Thaddeus  Hyatt,*  "as  to  the  non-conducting  power  of 
various  substances,  such  as  plaster  of  Paris  of  different 
densities,  and  concretes  more  or  less  porous,  also  air  spaces  \ 
the  result  of  all  being  that  the  best  material  to  protect  the 
metal  against  heat  was  found  to  be  that  which  was  strongest 
in  compression,  viz.,  Portland  cement  concrete  of  best  quality, 

*  See  "  Experiments  with  Portland  Cement  Concrete  combined 
with  Iron,"  p.  21. 
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no  advantage  for  any  purpose  being  found  from  fibres  of  any 
kind,  not  even  asbestos" 

This  concurrent  testimony  in  favour  of  the  superior  fire- 
resisting  properties  of  Portland  cement  is  a  strange  com- 
mentary on  the  oft-repeated  praise  of  plaster  of  Paris,  and 
leads  us  to  think  that  a  mere  unsupported  statement  of 
opinion  respecting  the  latter,  has  gradually  come  to  be 
accepted  as  fact  and  has  been  quoted  as  fact  so  long  that 
everybody  has  begun  to  believe  it. 

Bobinson's  Cement.— Robinson's  cement  is,  like  plaster 
of  Paris,  a  sulphate  of  lime.  It  is  calcined  from  alabaster 
quarried  at  Knothill,  near  Carlisle,  and  is  used  not  only  for 
plastering,  but  also  for  concrete.  The  same  statements  are 
made  about  its  fire-resisting  qualities  as  are  made  about 
plaster  of  Paris  ;  but  no  results  of  comparative  tests  made 
between  it  and  other  cements,  are  given  by  the  manufac- 
turers in  proof  of  these  statements,  and  until  we  receive 
such  results,  we  must  conclude  that  the  cement  is  no  better 
in  this  respect  than  plaster  of  Paris. 

The  strength  of  a  sample  of  the  cement  w^as  tested  by 
Mr.  Henry  Faija  in  1885,  and  excellent  results  were 
obtained,  as  shown  by  the  following  table : — 


Table  VI.— Tensile  Stkength  op  Bobinson's  Cement, 

IN  LBS.  PER  SQ.  IN. 


j  Ingredients. 

Proportions. 

At 
3  days. 

At 
7  days. 

At 
28  days. 

lbs. 

lbs. 

lbs. 

Neat 

497 

549 

784 

„       and  sand... 

1  to  2 

459 

525 

i 

1  to  4 

297 

331 

The  figures  are  each  the  average  of  five  tests,  and  show 
the  cement  to  be  equal  in  tensile  strength  to  the  best 
Portland  cemfent. 

The  resistance  to  crushing  of  neat  Robinson's  cement  was 
found  by  Mr.  Faija  to  be  "3,761  lbs.  per  cubic  inch"  at 
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the  age  of  five  weeks,  the  average  of  five  tests  being  taken. 
The  compressive  strength  is  about  18  per  cent,  less  than 
that  of  Portland  cement  tested  in  a  similar  manner  by  the 
same  engineer  but  not  at  the  same  time. 

It  is  said  that  the  cement  is  slow-setting  and  easy  to 
work ;  that  it  may  be  used  for  an  hour  and  a  half  after 
being  gauged  without  detriment  to  its  ultimate  strength, 
and  that  in  setting  it  "neither  expands  nor  shrinks."  As 
we  all  know,  plaster  of  Paris  expands  somewhat  in  setting. 


CHAPTER  IV. 


MATRICES — (continued*). 

III.  Artificial  Cements  : — 1.  Parian  cement,  Keene's  cement, 
Martin's  cement — 2.  Slag  cement  (Table  VII.). 

III. — ARTIFICIAL  CEMENTS. 

1.  Parian  Cement,  &c. 

Parian  Cement,  Keene's  Cement,  and  Martin's  Cement 
are  artificial  cements,  which  consist  of  plaster  of  Paris  re- 
calcined  in  combination  with  alum,  borax,  and  pearl-ash 
respectively.  They  possess  considerable  tensile  strength 
when  used  neat,  but  have  only  a  small  capacity  for  sand. 
They  are,  like  plaster  of  Paris,  unsuitable  for  use  in  water 
or  damp  exposed  situations,  on  account  of  their  solubility. 
It  would  be  possible  to  use  them  in  concrete  floors  and 
ceilings,  but  on  account  of  the  additional  cost  of  manu- 
facture, they  would  have  really  no  advantage  for  these 
purposes  over  plaster  of  Paris.  These  cements  are,  how 
ever,  largely  used  for  internal  plastering,  especially  where 
the  walls  are  to  be  painted  ;  they  set  rapidly,  attain  a  hard 
surface,  and  will  take  a  considerable  polish. 

2.  Slag  Cement. 

A  somewhat  curious  instance  of  the  utilisation  of  waste- 
products  is  found  in  the  manufacture  of  cement  from  iron 
furnace  slag.  For  a  number  of  years  experiments  were  made 
to  this  end,  but  without  much  success,  the  chief 
difficulty  being  that  of  pulverising  the  slag  to  a  sufficient 
degree  of  fineness.  The  hardness  of  the  slag  played  havoc 
with  the  grinding-machines. 
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Composition. — All  slags  are  not  adapted  for  conversion 
into  cement,  as  some  contain  substances  which  would  prove 
injurious  in  cement,  or  do  not  contain  the  necessary 
ingredients  in  proper  proportions.  A  suitable  slag  may- 
contain  about  36  per  cent,  of  lime,  30  per  cent,  of  silica, 
and  23  per  cent,  of  alumina.  If  to  this  slag  30  per  cent, 
of  slaked  fat  lime  were  added,  we  should  have  a  mixture 
containing  46*5  per  cent,  of  lime,  25  per  cent,  of  silica,  19 
per  cent,  of  alumina,  and  9*5  per  cent,  of  iron  and  other 
substances.  This  is  actually  the  approximate  composition 
of  one  slag  cement,  and  differs  from  the  composition  of 
Portland  cement  in  one  or  two  particulars,  notably  in 
having  from  11  to  14  per  cent,  less  lime  and  about  double 
the  quantity  of  alumina.  In  some  slag  cements  the  pro- 
portion of  lime  is  about  50  per  cent,  of  the  whole.  Some- 
times the  slag  contains  an  excessive  amount  of  sulphur,  and 
the  cement  made  from  it  is  of  dangerous  quality. 

Manufacture. — Until  recently,  experimenters  re-cal- 
cined the  slag  with  the  lime  which  had  been  added  to  it, 
but  Messrs.  Bosse  &  Walters  a  few  years  ago  introduced  a 
new  process  which  seems  to  promise  success.  It  was  fully 
described  by  Mr.  Gilbert  R.  Redgrave,  A.M.I.C.E.,  in  a 
paper  which  will  be  found  in  the  Proceedings  of  the 
Institution  of  Civil  Engineer  vol.  cv.  (1890-1,  part  iii.), 
and  to  this  paper  the  author  acknowledges  his  indebtedness 
for  most  of  the  information  given  in  this  chapter. 

"  The  slag,  on  issuing  from  the  furnace,  "says  Mr.  Redgrave, 
"  is  passed  though  a  stream  of  water,  by  which  means  it  is 
mechanically  reduced  to  a  spongy  and  readily-crushed  mate- 
rial." The  slag  sand  obtained  from  this  is  dried  and  ground 
to  a  fine  powder  between  ordinary  millstones.  To  this  powder 
is  added  the  requisite  quantity  (about  25  or  30  per  cent.) 
of  pure  lime,  which  has  previously  been  thoroughly  slaked, 
screened,  and  dried.  The  mixture  is  then  introduced  into 
a  machine  called  a  "  homogenizer,"  where  it  is  more 
intimately  mixed  and  more  finely  ground  in  a  revolving 
drum  partly  filled  with  small  iron  or  steel  balls.  In  about 
an  hour  the  cement  is  withdrawn,  and  ought  to  be  ready  for 
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use  at  once,  for  as  the  lime  which  is  not  in  combina- 
tion ought  all  to  have  been  thoroughly  slaked  and  screened, 
air-slaking  should  not  be  necessary.  The  colour  of  the 
cement  varies  according  to  that  of  the  slag  from  which  it  is 
made,  but  it  is  usually  lighter  than  Portland  cement,  on 
account  of  the  slaked  lime  which  it  contains. 

Slag  cement  is  usually  slow-setting,  requiring  from  two 
to  five  hours  before  it  resists  a  moderate  pressure  of  the 
thumb-nail.  "  When  made  up  neat,  it  is  more  plastic  and 
unctuous  than  Portland  cement,  and  yields  a  richer  and 
fatter  mortar." 

\  Tests. — The  same  kinds  of  tests  ought  to  be  applied  to 
slag  cement  as  to  Portland,  namely,  fineness,  tensile  strength, 
specific  gravity,  and  perhaps  weight.  The  soundness  test 
also  may  be  applied,  for  it  is  possible  for  a  slag  cement  to 
"blow." 

Weight. — The  weight  may  be  as  little  as  85  lbs.  per 
striked  bushel,  and  seldom  exceeds  95  lbs.,  or  over  15  per 
cent,  less  than  ordinary  Portland  cement.  Probably  the 
small  weight  of  slag  cement  is  due  chiefly  to  its  extreme 
fineness,  as  there  are  instances  of  Portland  cement  as 
ordinarily  ground,  weighing  115  lbs.  per  bushel,  while  the 
same  cement,  ground  extremely  fine,  weighed  only  90  lbs. 
per  bushel. 

Fineness. — On  the  importance  of  fine-grinding  we  shall 
not  dilate  here.  Suffice  it  to  say  that  fineness,  especially 
in  slag  cement,  is  of  extreme  importance.  Mr.  Redgrave 
declares  that  slag  cement  ought  to  leave  no  residue  at  all  on 
a  No.  75  sieve  (5,625  meshes  to  the  square  inch),  and  not 
more  than  15  to  20  per  cent,  on  a  No.  180  sieve  (32,400 
meshes  to  the  square  inch).  Now  and  then  Portland 
cement  has  been  tested,  which  has  shown  a  degree  of  fine- 
ness equal  to  the  standard  here  demanded  for  slag  cement, 
but,  as  a  rule,  10  per  cent,  residue  on  a  No.  50  sieve  is 
considered  a  fair  test  for  Portland  cement.  A  sample  of 
slag  cement  tested  at  the  Royal  Testing  establishment  at 
Berlin,  in  December,  1886,  left  no  residue  at  all  on  a  sieve 
with  1,160  meshes  to  the  square  inch,  only  1  per  cent,  on 
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one  with  3,870,  5  per  cent,  on  one  with  5,800,  and  14  per 
cent,  on  one  with  32,200  meshes,  but  this,  it  must  be 
remembered,  was  a  manufacturer's  sample. 

Tensile  Strength. — Good  slag  cement  tested  neat,  is  as 
strong  as  neat  Portland  cement,  but,  according  to  Mr. 
Redgrave,  it  gives  considerably  better  results  than  the  latter 
when  both  are  tested  with  three  parts  of  sand.  The  tensile 
strength  of  the  cement,  mentioned  in  the  last  paragraph, 
was  ascertained  at  Berlin  to  be  as  follows  : — 


Table  VII. — Tensile  Steength  of  Slag  Cement, 
in  lbs.  pee  jsq.  in. 


At  7  days. 

At  28  days. 

647 
427 

692 
509 

Each  result  is  the  average  of  ten  briquettes,  which  were 
kept  in  air  for  twenty-four  hours  after  gauging,  being 
covered  with  writing-paper  to  retain  the  moisture,  and  were 
then  kept  in  water  for  the  rest  of  the  time.  The  strength 
of  the  sand  briquettes  is  exceedingly  great,  and  is  equal  to 
that  of  some  Portland  cements  tested  neat ;  the  German 
standard  for  Portland  cement  requires  a  tensile  strength  of 
227*6  lbs.  per  square  inch,  tested  with  three  parts  of  sand  at 
twenty-eight  days,  and  the  highest  tensile  strength  of 
Portland  cement  so  tested,  which  has  come  under  our 
observation,  is  10  per  cent,  less  than  that  of  the  slag 
cement  as  recorded  above.  It  must  not,  however,  be 
imagined  that  all  slag  cements  give  equally  good  results ; 
we  must  not  generalise  from  particular  instances. 

No  tests  of  the  adhesive  strength  of  slag  cement  have,  as 
far  as  we  know,  yet  been  made,  but  its  capacity  for  sand 
shows  that  this  must  be  very  high. 

Compressive  Strength.  —  Briquettes  of  slag  cement, 
mixed  with  three  parts  of  sand,  were  made  at  Berlin  as 
already  described,  and  were  crushed,  on  an  average,  by  a 
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force  of  3,376  lbs.  per  square  inch  at  seven  days,  and  4,296 
lbs.  at  twenty-eight  days.  Briquettes  of  Portland  cement 
and  sand,  similarly  tested  by  Messrs.  Dyckerhoff,  had  an 
average  strength  of  4,822  lbs.  at  28  days,  or  12  per  cent, 
more  than  the  slag  cement  ones. 

Uses. — It  can  be  used  in  all  situations  for  which 
Portland  cement  is  adapted,  and  has  been  employed  in  the 
construction  of  harbours  and  other  works  in  the  sea,  as  at 
Skinningrove,  in  North-East  Yorkshire,  and  other  places. 
For  stucco  and  plastering  and  for  concrete  generally  it  is 
suitable.  It  has  been  used  also  for  paving,  but,  according 
to  Mr.  Redgrave,  it  does  not  attain  as  hard  a  surface  as 
Portland  cement ;  its  superior  adhesive  strength,  however, 
enables  it  to  bind  the  hard  aggregate  of  the  paving,  such 
as  granite  and  quartz  "  into  a  firmer  mass  than  Portland 
cement  does."  Mr.  G,  M.  Lawford*  states  that  its  fire- 
resisting  properties  "exceed  those  of  both  gypsum  and 
Portland  cement,"  and  for  this  reason,  among  others,  it  can 
be  recommended  for  use  in  concrete  floors  and  roofs,  &c. 

*  In  paper  on  "Fire-proof  Floors,"  read  before  the  Society  of 
Engineers,  April,  1889.  9  J 
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MATRICES — {continued'), 

III.  Artificial  Cements  (continued)  : —  3.  Portland  cement- 
History —  Raw  materials  —  Manufacture — Composition — Neces- 
sity of  testing — Test-specialists — Tests  :  Weight,  Specific  gravity 
(Table  VIII.),  Fineness. 

History. — Undoubtedly  the  most  valuable  matrix  for 
concrete  is  Portland  cement.  Strength  for  strength  it  is 
cheaper  than  lime.  By  its  aid  works  have  been  executed 
which  seem  able  to  withstand  for  ages  the  rough  usage  of 
stormy  seas  and  the  insidious  attacks  of  the  atmosphere. 
It  is  first  mentioned  in  a  patent  granted  to  Joseph  Aspdin, 
a  bricklayer  of  Leeds,  in  1824,  that  is  to  say,  nearly  thirty 
years  after  the  introduction  of  Roman  cement  by  Parker. 
The  name  "  Portland  "  was  given  to  it  in  consequence  of  a 
resemblance  of  its  colour  to  that  of  Portland  stone. 
Aspdin's  cement  was  a  mixture  of  pulverised  quick-lime  and 
clay,  but  neither  the  mode  of  manufacture  nor  the  nature 
of  the  cement  is  identical  with  modern  practice.  In  1825 
he  established  a  manufactory  at  Wakefield,  in  Yorkshire, 
and  in  a  few  years  his  son  William,  in  partnership  with  one 
or  two  other  persons,  began  to  make  Portland  cement  at 
Northfleet,  on  the  Thames.  Mr.  I.  C.  Johnson  was  of  opinion 
that  he  himself  was  the  first  maker  of  true  Portland  cement; 
in  1844  he  introduced  its  manufacture  into  the  works  of 
Messrs.  J.  B.  White  &  Co.  However  this  may  be,  there  is 
no  doubt  that,  soon  after  this  time,  Portland  cement  began 
to  be  better  appreciated.  Its  value  was  ascertained  by 
actual  use  and  by  numerous  tests,  such  as  those  carried  out 
by  Mr.  John  Grant,  from  1859  almost  to  the  present  time ; 
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and  to-day  it  is  employed  for  engineering  works  the  world 
over.  It  has  been  estimated  by  an  American  writer,  Mr. 
Giron,  that  the  present  annual  production  of  Portland 
cement  is  more  than  20,000,000  barrels,  and  that  of  these 
about  8,300,000  barrels  are  made  in  England.  To 
engineers  chiefly  we  must  look  for  information  respecting 
this  material,  and  to  them  architects  and  builders  owe  a 
debt  of  gratitude. 

Raw  Materials. — The  raw  materials  from  which  Port- 
land cement  is  manufactured  vary  to  a  considerable  extent. 
On  the  Thames  and  Medway,  chalk  and  river-mud  or  clay 
are  the  constituents ;  while  at  Rugby,  Stockton,  &c,  in 
Warwickshire,  at  Poole  in  Dorset,  and  at  various  places  in 
Somerset,  Nottinghamshire,  Lincolnshire,  &c,  Blue  Lias 
limestone  and  shale  are  used.  The  aim  of  the  manu- 
facturer is  to  obtain  a  mixture  of  clay  and  lime  in  which 
the  carbonate  of  lime  before  calcination  shall  be  from  74  to 
77  per  cent,  of  the  whole.  When  chalk,  which  is  nearly 
pure  carbonate  of  lime,  is  used,  it  is  comparatively  easy  to 
obtain  the  requisite  proportion  of  lime  to  clay,  but  when  a 
limestone  consisting  partly  of  clay  and  partly  of  carbonate 
of  lime,  as  Lias  limestone  does,  is  used,  more  difficulty  is 
experienced,  for  the  composition  of  limestone  is  subject  to 
considerable  variations.  In  any  case  frequent  analyses  of 
the  materials  are  necessary. 

An  excess  of  clay  in  the  composition  produces  a  cement  of 
less  strength  and  weight  than  usual,  and  liable  after  setting  to 
crumble  away  on  exposure  to  the  atmosphere ;  such  cement, 
when  mixed  neat  with  water  and  left  in  the  air,  will  have  a 
buff  colour.  Over-clayed  compounds  are  liable  to  fuse  in 
burning,  and,  as  this  would  render  the  clinker  useless  for 
cement  purposes,  they  are  burnt  at  lower  temperatures,  and 
produce  cements  which  partake  somewhat  of  the  character 
of  Roman  cements.  An  excess  of  lime  has  also  disad- 
vantages, for  it  may  produce  a  cement  containing  more  or 
less  caustic  lime,  and  having  therefore  a  tendency  to  crack 
or  "  blow  "  when  made  into  mortar  or  concrete ;  this  danger 
may  be  lessened  by  burning  the  clinker  at  a  high  tempera- 
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ture,  by  grinding  the  cement  very  fine,  and  by  properly 
purging  or  air-slaking  the  cement  before  it  is  used. 

Manufacture. — In  the  "  wet "  method  of  making  cement, 
the  lime  and  clay  are  mixed  in  proper  proportion,  and 
broken  up  with  water  in  a  wash-mill,  which  is  usually  a  pit 
forming  a  ring  around  a  central  pier ;  on  this  pier  a  vertical 
shaft  fitted  with  horizontal  arms  revolves,  and  from  the 
arms  knives  or  cutters  descend  almost  to  the  bottom  of 
the  pit ;  other  arrangements,  however,  are  often  adopted. 
Originally  the  volume  of  water  exceeded  that  of  the  chalk 
and  clay  with  which  it  is  mixed,  and  this  necessitated  the 
conveyance  of  the  wet  "  slip  "  into  "  backs  "  or  reservoirs, 
where  it  remained  for  a  month  or  more  until  sufficient 
water  had  evaporated  or  drained  away  from  it.  Besides 
other  disadvantages,  this  system  entailed  extensive  areas  of 
ground  for  "backs,"  and  also  great  delay.  In  1870  a  new 
method  of  manufacture  was  patented  by  Goreham,  the 
chalk  and  clay  being  mixed  in  the  wash-mill  with  about 
one-third  their  volume  of  water,  the  slip  thus  formed  being 
passed  immediately  between  horizontal  mill-stones,  by  which 
it  was  well  ground ;  from  the  mill-stones  the  slip  was  con- 
veyed (by  pumps  or  otherwise)  direct  to  the  drying-floors, 
instead  of  to  the  "backs."  In  the  more  modern  "dry" 
process,  the  materials  are  ground  and  mixed  without  water, 
and  then  slightly  moistened  and  pressed  into  "  bricks  "  of  a 
convenient  size  for  burning  in  the  kiln. 

Originally  the  "slurry,"  or  wet  slip,  was  dried  on  floors 
heated  by  coke  ovens  ;  but,  in  new  works,  where  the  wet 
process  is  adopted,  the  waste  heat  from  the  kilns  is  utilised 
for  heating  the  drying-floors,  and  by  this  means  a  consider- 
able saving  is  effected.  From  these  floors  the  dried  slip  is 
broken  and  put  into  the  kiln  and  burnt  at  a  high  tem- 
perature, the  object  being  to  produce  a  hard,  well-burnt, 
but  not  vitrified  "clinker."  It  is,  of  course,  impossible 
to  obtain  a  perfectly-uniform  clinker,  but  in  this  respect  the 
dry  process  is  superior  to  the  wet,  on  account  of  the 
uniform  size  of  the  "bricks."  Some  portions  of  the  clinker 
will  be  over-burnt, — these,  if  ground  would  have  no  cementi- 


PORTLAND   CEMENT:   MANUFACTURE.  49 


tious  value  ;  other  portions  will  be  of  a  clayey  hue,  and 
decidedly  under-burnt — these  would  produce  a  dangerous 
cement,  liable  to  crumble  away  after  exposure  to  the 
atmosphere.  The  former  should  be  thrown  away  as  waste, 
while  the  latter  may  be  placed  on  the  top  of  the  next  kiln 
and  reburnt.  Very  cheap  cement  will  probably  prove  to 
have  been  ground  from  under-burnt  clinker,  as  this  is  more 
easily  ground  than  heavily-burnt  clinker.  The  latter, 
however,  should  be  used,  as  it  yields  a  cement  con- 
siderably stronger  than  a  lightly-burnt  cement,  when  ground 
to^the  same  degree  of  fineness. 

The  properly-burnt  clinker  is  broken  into  small  pieces  by 
rollers,  or  Blake's  stone-breakers,  or  other  machines,  and 
these  pieces  are  then  finely  ground  between  grooved  mill- 
stones, or  in  the  more  modern  ball-mill  and  tube-mill.  The 
resulting  cement,  particularly  when  ground  by  millstones, 
may  contain  many  particles  too  coarse  to  be  of  any  value  ; 
it  is,  therefore,  by  many  manufacturers  sifted  by  fine  sieves, 
the  particles  remaining  on  the  sieves  being  returned  to  the 
mill-stones,  and  ground  with  the  next  batch  of  broken 
clinker.  These  coarse  grains,  although  in  their  coarse  state 
they  have  no  cementitious  value,  may  prove,  if  finely  ground, 
to  be  of  excellent  quality. 

After  leaving  the  mill-stones  or  mills,  the  cement  in  some 
factories  is  spread  daily  in  a  thin  layer  on  the  floors  of 
store-rooms  or  warehouses,  until  several  layers,  represent- 
ing a  week's  manufacture  or  more,  have  been  distributed 
one  above  the  other.  Sometimes  the  cement  is  turned  over 
occasionally.  It  is  afterwards  filled  into  sacks  or  casks,  the 
different  layers  being  as  far  as  possible  mixed  in  the  opera- 
tion. The  cement  is  then  ready  for  its  destination,  but  not 
always  for  use.  Of  the  precautions  to  be  taken  before  using 
cement  fresh  from  the  manufacturer  we  shall  speak  hereafter. 

In  America  a  novel  process  of  cement-manufacture  has 
been  adopted ;  the  raw  compound  is  burnt,  we  are  told, 
"in  a  powdered  condition,  while  travelling  in  an  inclined 
rotary  furnace  in  an  intensely  hot  petroleum  flame,  and  a 
few  hours  is  sufficient  to  finish  the  process."  Apparently 
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the  invention  is  a  successful  one,  for  the  cement  is  guaran- 
teed to  bear  without  breaking  a  tensile  stress  of  400  lbs. 
per  square  inch  after  seven  days,  500  lbs.  after  twenty- 
eight  days,  and  600  lbs.  after  three  months,  and  to  leave 
no  more  than  10  per  cent,  residue  on  a  sieve  with  6,400 
meshes  to  the  square  inch. 

Composition. — Roughly  speaking,  Portland  cement  con- 
tains about  62  per  cent,  of  lime,  22  per  cent,  of  silica, 
and  7  per  cent,  of  alumina;  the  remaining  constituents 
being  the  alkalies, — soda  and  potash, — oxide  of  iron,  mag- 
nesia, sulphuric  acid,  carbonic  acid,  &c.  To  the  user  of 
cement,  its  detailed  composition  is  not  of  primary  im- 
portance; the  chief  points  for  his  consideration  are  the 
strength  and  durability  of  the  cement,  and  one  cement 
must  not  be  condemned  because  it  differs  slightly  in  com- 
position from  another  of  established  reputation ;  for  in- 
stance, the  lime  in  different  cements  varies  from,  say,  56  to 
65  per  cent,  of  the  whole.  A  wide  difference,  however, 
calls  for  considerable  caution  and  careful  tests.  Dr. 
Michaelis  says  that  the  extreme  limits  of  variation  which 
can  be  allowed  in  Portland  cement  are,  for  silica,  from  19 
to  25  per  cent.  ;  for  alumina  from  4  to  9  per  cent. ;  and 
for  ferric  oxide,  from  2  to  5  per  cent.  Analyses  of  several 
Portland  cements  will  be  found  in  Table  XII,  p.  89,  and 
the  parts  played  by  the  various  ingredients  in  the  setting 
of  cement  are  discussed  in  the  same  chapter. 

Necessity  of  Testing. — The  necessity  of  testing  Port- 
land cement  before  using  it  in  important  works  is  recognised 
by  all  engineers,  and  ought  to  be  recognised  by  all  archi- 
tects. It  may  be  argued  that,  if  the  cement  be  obtained 
from  a  firm  enjoying  a  good  reputation,  there  is  no  need 
for  tests.  There  is,  perhaps,  less  need  for  them,  but  they 
ought  not  to  be  altogether  omitted.  In  this  day  of  adver- 
tisement, it  is  often  difficult  to  ascertain  whether  a  reputa- 
tion is  founded  on  good  manufacture  or  on  advertisements ; 
and  even  if  the  cement  from  a  reliable  manufactory  has 
been  specified,  there  is  a  possibility  that  another  kind  may 
be  used  instead. 
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Another  argument  that  may  be  advanced  is  that  the  con- 
tractor is  responsible  for  failures  in  material,  and  that,  if 
by  using  inferior  cement  the  concrete  should  fail,  he  will 
have  to  do  the  work  again  at  his  own  cost ;  therefore  the 
onus  of  testing,  it  may  be  said,  rests  upon  him.  A  moment's 
consideration  will  show  how  unfair  to  the  building-owner  is 
such  a  view  of  the  case ;  for  the  building-owner  may  have 
to  bear  the  loss  by  delay  consequent  on  the  failure  of  the 
cement,  or  may  be  able  to  recover  damages  only  after  an 
anxious  law-suit.  Again,  there  is  a  grave  danger  that  the 
bad  character  of  the  cement  may  not  discover  itself  until 
some  months  have  elapsed,  perhaps  not  until  the  architect's 
final  certificate  has  been  granted,  and,  in  the  latter  case, 
there  will  probably  be  trouble  for  architect  and  contractor, 
as  well  as  for  the  building-owner;  and  further,  a  cement 
may  be  used  which  produces  concrete  sufficiently  good  to 
escape  condemnation,  but  which  is  far  from  being  the  best 
which  could  have  been  obtained  under  the  terms  of  the 
specification,  and  in  this  case  the  building-owner  is  decidedly 
the  loser  because  proper  tests  were  not  carried  out. 

When  we  think  of  the  important  uses  to  which  concrete 
is  put  in  our  buildings, — as,  for  instance,  foundations  and 
floors, — we  cannot  fail  to  see  the  necessity  of  knowing  the 
character  of  the  cement,  which  is  its  most  important  in- 
gredient. To  specify  that  "the  best  heavy  Portland 
cement "  must  be  used  is  not  enough,  but  such  a  descrip- 
tion is  far  from  uncommon.  Quite  recently  a  case  came 
under  the  author's  notice  in  which  the  concrete  for  an 
engine-bed  was  specified  to  be  of  cement,  vaguely  described 
as  in  the  last  sentence,  and  of  broken  stone,  &c,  in  the 
proportion  of  one  to  four, — a  proportion  of  cement  to 
aggregate  which  ought  to  insure  an  excellent  concrete ;  but 
what  happened  ?  The  concrete  was  deposited  and  set  pro- 
perly ;  after  a  month,  however,  it  began  to  show  signs  of 
disintegration,  and  it  gradually  crumbled  until  the  archi- 
tects had  to  order  its  removal ;  the  contractors  removed  it 
and  laid  a  new  foundation,  and  on  the  completion  of  the 
whole  building  claimed  an  "  extra "  for  the  work.  The 
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architects  refused  to  allow  the  claim,  but,  believing  that 
the  contractors  had  not  wilfully  used  inferior  material, 
they  asked  the  building-owner  to  deal  "  generously  "  with 
the  unfortunate  builders.  Altogether  a  very  pretty  muddle, 
and  one  which  probably  would  have  been  avoided  if  the 
cement  had  been  submitted  to  one  or  two  comparatively 
simple  tests.  Many  instances  of  the  failure  of  concrete  have 
occurred,  which  might  have  been  prevented  by  a  judicious 
testing  of  the  cement. 

Test-Specialists. — We  do  not  mean  to  say  that  archi- 
tects must  fit  up  a  part  of  their  offices  as  testing-labora- 
tories, and  themselves  become  proficient  in  the  art  of  making 
and  breaking  briquettes,  &c.  No,  architects  have  quite 
enough  on  their  hands  without  taking  up  another  burden. 
The  necessary  appliances  for  testing  are  many  and  somewhat 
costly,  and  the  testing  itself  is  no  easy  matter.  But  this  is  an 
age  of  specialists,  and  cement-testing,  like  so  many  other 
matters,  is  becoming  the  special  study  of  certain  engineers. 

For  large  works,  a  clause  might  be  inserted  in  the  speci- 
fication to  the  effect  that  the  contractor  must  include  a 
certain  sum  for  cement-testing,  the  tests  to  be  carried  out 
by  a  specified  person,  or  by  one  to  be  approved  by  the 
architect.  For  small  works,  the  cement  might  be  specified 
to  be  obtained  from  a  particular  maker,  and  the  architect 
or  the  clerk  of  works  could  easily  test  the  cement  as  to  its 
"  soundness,"  taking  its  fineness  and  strength  for  granted. 

Tests. — The  tests  now  considered  of  primary  importance 
are  those  for  ascertaining  the  -fineness,  tensile  strength,  and 
soundness  of  the  cement.  The  specific  gravity  is  also  thought 
by  many  to  be  of  importance ;  but  the  weight,  which  at  one 
time  was  considered  the  most  notable  characteristic  (perhaps 
because  it  could  be  ascertained  with  comparative  ease),  does 
not  now  command  very  much  attention,  and  is  only  con- 
sidered in  connection  with  the  fineness  and  specific  gravity. 
Some  years  ago  a  vague  specification  would  have  required 
"  the  best  heavy  Portland  cement ; "  to-day  the  description 
would  probably  be  altered  to  "  the  best  -finely-ground  Port- 
land cement,"  provided,  of  course,  that  the  author  of  such 
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a  vague  description  as  the  first  could  be  induced  to  make 
any  alteration  at  all. 

Several  other  tests  have  at  various  times  been  adopted, 
such  as  those  made  to  ascertain  the  relative  hardness  of 
different  cements,  their  resistance  to  transverse  and  crushing 
stresses,  and  their  adhesive  strength ;  these  have  their  uses, 
but  are  seldom  specified  in  England. 

Colour. — The  colour  of  cement  affords  little  evidence  of 
its  quality,  as  in  many  instances  it  is  due  mainly  to  the 
presence  of  iron.  Sometimes,  however,  a  yellowish  hue  is 
the  result  of  under-burning,  and  if  that  be  the  case,  the 
cement  will  prove  comparatively  weak,  and  may  be  unsound. 
As  a  rule,  good  Portland  cement  is  of  a  bluish-grey  or  dark- 
grey  colour,  and  is  soft  to  the  touch.  Quick-setting  cement 
has  often  a  brownish  tint. 

Microscopic  Examination. — It  is  probable  that  in  the 
near  future  a  microscopic  examination  of  Portland  cement 
will  be  almost,  if  not  altogether,  sufficient  to  enable  the 
observer  to  judge  of  its  value ;  the  researches  of  Mr.  Alden 
H.  Brown,  of  the  University  of  Iowa,  seem,  at  any  rate,  to 
point  to  this  conclusion,  but  sufficient  observations  and 
experiments  have  not  yet  been  made  to  obtain  absolute 
proof  of  this. 

Sampling. — When  it  is  desired  to  test  a  consignment 
of  cement,  a  small  quantity  should  be  taken  from  each 
of  several  casks  or  bags  immediately  on  their  arrival, 
care  being  observed  that  the  cement  is  not  taken  from  the 
outermost  portion  in  the  cask  or  bag,  but  from  the  interior. 
If  the  test  is  to  be  made  by  some  one  at  a  distance  from 
the  works,  the  sample  should  be  carefully  packed  and  sent 
as  soon  as  possible.  As  a  rule,  not  more  than  28  lbs.  of 
cement  will  be  required  for  testing. 

Weight. — The  weight  of  Portland  cement  is  stated  in  a 
well-known  book  to  vary  from  95  lbs.  to  about  130  lbs.  per 
"  striked  "  bushel.  To-day  manufacturers  produce  cements 
apparently  more  uniform  in  weight  than  these  figures  show. 
The  chief  causes  of  this  smaller  difference  are  the  better 
knowledge  which  is  now  possessed  of  the  ingredients  of 
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good  cement,  the  more  uniform  degree  of  fineness  to  which 
it  is  ground,  and  also  the  greater  care  with  which  the 
weight  is  ascertained.  The  method  of  filling  the  measure 
has  much  to  do  with  the  apparent  weight ;  it  may  be  filled 
very  lightly  by  allowing  the  cement  to  fall  down  a  short 
shoot  of  easy  slope,  or  may  be  more  closely  filled  if  the 
cement  drop  vertically  into  it  from  some  height ;  or,  still 
more  compactly,  if  the  measure  be  shaken  during  the 
filling. 

The  necessity  for  some  uniform  and  satisfactory  method 
of  ascertaining  the  weight  has  long  been  recognised,  and 
various  devices  have  been  adopted  for  this  purpose.  In 
some  cases  the  measure  is  filled  from  a  short  shoot,  down 
which  the  cement  slips  at  a  moderate  velocity.  In  others, 
the  cement  is  put  into  a  coarse  sieve,  from  which  it  drops 
into  a  measure  placed,  say,  3  ft.  below  it.  Mr.  Henry 
Faija,  M.  Inst.  C.  E.,  has  devised  an  apparatus  which  ensures 
uniformity  of  filling  ;  the  cement  is  placed  in  a  hopper, 
from  the  bottom  of  which  it  passes  into  a  trough  ;  on  turn- 
ing a  handle  a  worm  in  this  trough  revolves  and  gradually 
conveys  the  cement  forward  to  an  opening,  whence  it  drops 
directly  into  the  measure  below.  When  the  measure  is 
piled  full,  the  cement  is  struck  off  level  by  means  of  a 
straight-edge  and  then  weighed ;  the  weight  of  the  measure 
itself,  which  has  previously  been  ascertained,  is  deducted 
from  the  total,  and  the  balance  is  the  weight  of  the  cement 
contained  in  the  measure. 

Sometimes  the  measure  in  which  the  cement  is  weighed 
contains  only  part  of  a  bushel,  and  this  is  another  cause  of 
discrepancy,  for  in  a  larger  measure  the  cement  is  more 
compressed  than  in  a  smaller  one,  and  the  weight  therefore 
appears  greater.  Mr.  John  Grant  ascertained  that  10*75 
measures,  each  containing  one-tenth  of  a  bushel,  were  required 
to  fill  one  bushel  measure.  In  other  words,  if  the  weight  per 
bushel  were  107*5  lbs.,  the  weight  per  tenth  of  a  bushel 
would  be  only  10  lbs.,  which,  multiplied  by  ten,  would  give 
an  apparent  weight  per  bushel  of  100  lbs.,  a  difference  of 
7h  per  cent. 
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The  freshness  of  the  cement  has  also  a  considerable  in- 
fluence on  the  weight.  It  has  long  been  known  that  the 
storing  of  cement  increases  its  bulk  without  corresponding 
increase  of  weight.  This  is  due  to  the  slaking,  by  the 
moisture  of  the  atmosphere,  of  the  quicklime  or  calcium 
oxide  contained  in  the  cement,  and  its  conversion  into  the 
more  bulky  hydrate  of  lime.  Therefore,  the  more  thoroughly 
slaked  the  cement  is,  the  less  does  it  weigh  per  bushel. 
Some  cements,  of  course,  show  considerably  more  increase 
in  volume  and  decrease  in  weight  per  bushel  than  others. 
Experiments  by  Mr.  Faija,  disclosed  to  the  Society  of 
Engineers  in  1888,  showed  that  a  cement  which  just  after 
grinding  weighed  120  lbs.  per  bushel,  might  when  a  few 
days  old  weigh  only  114  lbs.,  when  six  months  old  100  lbs., 
and  at  the  end  of  a  year  not  more  than  95  lbs.  per  bushel. 

The  weight  of  cement  varies  also  according  to  its  fineness. 
The  finest  cement,  other  things  being  equal,  weighs  the 
least.  Mr.  John  Grant  gives  the  weights  of  seven  varieties, 
unsifted,  and  sifted  through  a  sieve  with  2,304  meshes  per 
square  inch.  The  average  weight  of  the  unsifted  cements 
was  11*04  lbs.  per  tenth  of  a  bushel,  while  the  siftings 
weighed  only  9 -5  4  lbs.  for  the  same  quantity, — a  decrease 
of  more  than  13*6  per  cent.,  or  about  16  lbs.  per  bushel. 
Dr.  Michaelis  instances  one  excellent  cement,  which,  as 
ordinarily  ground,  weighed  90  lbs.  per  cubic  foot  (about 
115  lbs.  per  bushel),  but  which,  when  ground  so  that  all 
passed  a  sieve  with  32,000  meshes  per  square  inch,  weighed 
only  70  lbs.  per  cubic  foot,  or  about  90  lbs.  per  bushel. 

A  higher  degree  of  calcination  yields  a  heavier  cement, 
and  the  composition  of  the  cement  also  affects  the  weight. 

From  this  evidence  it  is  clear  that  the  weight  of  a  cement, 
taken  by  itself,  is  no  criterion  of  the  cement's  value.  A 
heavy  cement  may  be  fresh,  and  coarsely-ground  ;  on  the 
contrary,  it  may  be  well-burnt.  A  light  cement  may  be 
under-burnt ;  on  the  contrary,  it  may  be  free  from  unslaked 
lime,  and  finely-ground.  Both  may  give  equally  good  or 
bad  results  as  to  strength  and  stability.  The  weight  is 
valuable  only  when  taken  in  connection  with  other  par- 
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ticulars,  but  the  best  Portland  cements,  when  received  from 
the  manufacturers,  will  usually  be  found  to  weigh  within 
5  per  cent,  (more  or  less)  of  1 1 2  lbs.  per  bushel. 

Specific  Gravity. — Among  engineers  there  has  been,  of 
late  years,  a  growing  idea  of  the  importance  of  ascertaining 
the  specific  gravity  of  cement.  Mr.  Grant  in  1879-80 
thought  it  was  not  of  much  practical  benefit ;  the  specific 
gravity  of  thirty  or  forty  cements,  which  he  had  tested, 
only  ranged  from  3*193  to  3*040,  the  extreme  variation 
being,  therefore,  less  than  5  per  cent.  Other  experimenters 
have  found  greater  variation,  the  specific  gravity  in  some 
cases  being  as  low  as  2*77.  Mr.  Faija,  in  his  valuable  little 
book,  "  Portland  Cement  for  Users,"  gives  a  table  of  the 
testing  of  fifteen  samples  of  cement ;  from  which  we  extract 
the  figures  relating  to  two  samples, almost  identical  in  weight, 
specific  gravity,  and  fineness,  but  differing  exceedingly  in 
strength  and  hydraulic  activity. 


Table  VIII.— Variableness  op  Portland  Cement. 
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The  tensile  strength  in  each  case  is  the  average  of  ten 
briquettes,  which  were  kept  in  water  from  the  time  of 
gauging.  The  table  is  interesting  as  showing  that  Portland 
cement  must  not  be  judged  either  by  its  weight,  specific 
gravity,  or  fineness,  or  even  by  these  three  particulars  taken 
together,  but  must  be  actually  made  into  briquettes  and 
broken  before  its  character  can  be  determined. 

Mr.  Faija  considers  that  the  specific  gravity  should  never 

*  Cement-sieves  are  known  by  the  number  of  meshes  per  lineal  inch ; 
thus,  a  No.  25  sieve  has  25  meshes  per  lin.  in.  or  (25  x  25  =)  625  per 
sq.  in.,  and  a  No.  50  sieve  has  (50  x  50  =)  2500  meshes  per  sq.  in. 
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be  less  than  2*92,  but  other  authorities  hold  that  cement  a 
month  old  should  have  a  specific  gravity  of  3 -1  to  3*15. 
A  high  specific  gravity,  combined  with  extreme  fineness, 
indicates  that  the  cement  is  well  burnt.  A  specific  gravity 
of  less  than  2*9  indicates  an  under-burnt  or  stale  cement. 

Fineness. — The  importance  of  fine-grinding  is  now  uni- 
versally conceded,  as  it  has  been  demonstrated  that  only 
the  finely-ground  portion  of  cement  has  any  considerable 
cementitious  value.    The  coarse  particles  of  cement  are 
apparently  of  two  kinds — the  first  consisting  of  those  im- 
pure or  hard-burnt  grains  on  which  water  has  no  effect,  and 
which  are  consequently  as  worthless  as  so  many  grains  of 
sand,  and  the  second  consisting  of  useful  material,  not 
sufficiently  triturated,  and  therefore  extremely  sluggish  in 
its  action.    The  effect  of  the  former  on  the  setting  of  the 
cement  is  simple,  while  that  of  the  latter  is  complex  and 
not   yet   thoroughly   understood.     The  usually-accepted 
theory  is  that  the  coarse  particles  of  the  second  kind  par- 
take of  the  nature  of  hydraulic  limes,  and  exhibit  a  certain 
amount  of  slaking  action  some  time  after  having  been 
mixed  with  water.    As  we  have  already  seen,  the  slaking 
of  lime  is  invariably  accompanied  by  increase  of  bulk,  and 
this  has  the  effect  of  disintegrating  to  some  extent  the 
remaining  portion  of  the  cement  which  has  already  set. 
Many  failures  of  concrete  have  been  attributed  to  this  cause. 

These  coarse  particles  of  lime  will  gradually  slake  if  the 
cement  be  exposed  to  the  atmosphere,  and  it  is  to  accom- 
plish this  end,  that  Portland  cement  is  usually  stored  in 
bulk  for  some  weeks  before  use.  The  fact,  that  the  storing 
of  cement  results  in  the  hydration  of  coarse  grains,  is  shown 
by  the  increased  bulk  of  the  stored  cement  and  by  its 
diminished  weight  per  bushel.  Fine  cement  does  not 
require  "  air-slaking  "  to  the  same  extent  as  coarse. 

Some  of  the  inert  hard-burnt  grains  already  mentioned 
would  doubtless  yield,  if  finely  ground,  an  energetic  cement; 
but  in  their  coarse  state  they  are  not  acted  upon  by  water 
and  are  consequently  an  adulterant,  like  sand. 

From  many  tests  made  with  different    cements  by 
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different  operators,  Mr.  Grant  learnt  the  apparently  curious 
fact  that  briquettes  composed  of  a  certain  quantity  of  Port- 
land cement  and  three  times  its  weight  of  sand,  were  not  as 
strong  as  briquettes  made  with  the  same  quantity  of  sand  and 
only  that  portion  of  the  original  quantity  of  cement  which 
would  pass  through  a  sieve  of  5,806  meshes  to  the  sq.  in. 
Thus, — taking  a  cement  which  leaves  10  per  cent,  residue  on 
such  a  sieve, — we  have,  in  the  first  case,  the  proportion  of 
cement  to  sand  as  1  is  to  3,  but  in  the  second  case  the  pro- 
portion becomes  as  is  to  3,  or  as  1  is  to  3*3,  and  yet 
the  latter  yields  the  stronger  mortar.  This  simply  means 
that  the  coarse  cement  is  practically  inert,  and  should  be  con- 
sidered as  so  much  sand ;  if  this  be  done,  the  ratio  between 
the  energetic  part  of  the  cement,  and  the  sand  plus  the  inert 
part  of  the  cement,  will  be  found  to  be  as  1  is  to  3*4, — 
thus,  (1  —  *1)  :  (3  +  *1)  ::  1  :  3*4, — and  this  mortar  is  evi- 
dently inferior  to  that  from  which  the  coarse  particles  of 
the  cement  had  been  excluded. 

Cements  containing  coarse  particles  have  sometimes  (but 
not  invariably)  a  higher  tensile  strength  than  the  siftings  of 
the  same  cements,  when  all  are  tested  neat ;  but  when  all 
are  tested  with  three  or  more  volumes  of  sand,  the  finer 
cement  invariably  gives  the  better  results.  Among  many 
experiments  in  proof  of  this  we  may  instance  those  of 
Messrs.  Dyckerhoff,  which  showed  that  a  cement  which  left 
10*2  per  cent,  on  a  sieve  with  2,580  meshes  per  sq.  in.,  and 
18*8  per  cent,  on  one  with  5,806,  was  at  the  age  of  25  weeks, 
41  per  cent,  stronger  than  the  siftings  which  had  passed  a 
sieve  with  32,200  meshes  per  sq.  in.,  both  being  tested 
neat;  but,  when  both  were  tested  with  three  parts  of 
standard  sand,  the  briquettes  made  with  unsifted  cement 
were  29  per  cent,  weaker  than  those  made  with  the  siftings. 

Even,  however,  if  the  siftings  of  a  cement  are  stronger 
than  the  original  cement  when  both  are  tested  neat,  the 
increase  of  strength  is  much  more  marked  when  both  are 
tested  with  sand.    Mr.  H.  K.  G.  Bamber*  experimented  with 

*  "  Portland  Cement :  The  value  of  fine  grinding,"  a  paper  read 
before  the  Incorporated  Association  of  Municipal  and  County 
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a  cement  which  left  15  per  cent,  residue  on  a  No.  50  sieve. 
The  neat  sif tings  through  a  No.  50  sieve  (A)  were  found  to 
be  6  per  cent,  stronger  than  the  original  at  7  days,  the 
siftings  through  a  No.  70  sieve  (B)  9  per  cent,  stronger, 
through  a  No.  90  sieve  (C)  13  per  cent.,  and  through  a 
No.  110  sieve  (D)  16  per  cent,  stronger.  When,  however, 
all  were  tested  with  3  parts  of  sand  (by  weight),  at  the  age 
of  28  days  A  was  found  to  be  20  per  cent,  stronger  than 
the  original  cement,  B  37  per  cent.,  C  53  per  cent.,  and  D 
no  less  than  90  per  cent. 

Dr.  Michaelis  asserts  that  if  a  cement,  which  has  all  passed 
through  a  No.  40  sieve,  be  sifted  through  a  No.  75  the 
particles  remaining  on  the  latter  will  be  "absolutely  value- 
less "  as  a  cementitious  agent.  Mr.  Gustav  Grawitz,  as  long 
ago  as  1880,  said  that  the  principal  authorities  in  Germany 
agreed  that  the  residue  on  a  sieve  of  5,806  meshes  per  sq. 
in.  was  "entirely  worthless,  had  no  cementitious  power 
whatever,  and  might — and  undoubtedly  did  in  certain 
cases — prove  a  source  of  danger."  Recent  experiments  by 
Baron  Quinette,  at  Havre,  showed  that  the  residue  on  a 
sieve  with  2,100  meshes  per  sq.  in.,  had  an  average  tensile 
strength  of  only  13  lbs.  per  sq.  in.  at  4  months,  43  at  9 
months,  and  76  at  18.  If  this  residue  is  not  "entirely 
worthless,"  we  must  admit  that  it  is  very  nearly  so. 

The  degree  of  fineness  to  which  cement  ought  to  be 
ground  is  a  matter  of  controversy  even  yet,  but  ever  since 
the  advantages  of  fine  grinding  were  recognised,  the  tendency 
has  gradually  been  to  increase  the  stringency  of  specifica- 
tions, so  that  a  cement,  which  at  one  time  was  considered 
fine,  would  to-day  be  considered  coarse. 

Not  very  long  ago  sieves  Nos.  30  or  40  were  frequently 
specified,  but  these  have  been  abandoned  in  favour  of  finer 
ones.  A  No.  50  sieve  is  still  much  used,  not  more  than 
10  per  cent,  of  the  cement  to  be  retained  by  it.  Mr. 
H.  K.  Bamber,  F.I.C.,  in  November,  1891,  insisted  that 
cement  should  be  so  fine  that  all  would  pass  through  a 

Engineers,  July  14,  1893,  and  reported  in  The  Buildinq  News,  for 
July  28,  1893. 
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No.  50  sieve,  and  not  more  than  10  per  cent,  be  retained  by 
a  No.  75  sieve.  This  is  nearly  the  same  as  required  by  the 
German  and  Austrian  standard  regulations ;  but  in  Germany, 
we  are  told,  cements  can  be  obtained  which  leave  less  than 
10  per  cent,  on  a  sieve  with  32,200  meshes  per  sq.  in. 

Mr.  Colson  advocates  (and  wisely,  we  think)  that  all  the 
cement,  and  not  a  certain  proportion  of  it,  should  pass  the 
specified  sieve. 

For  practical  purposes,  the  degree  of  fineness  will  be 
regulated  by  a  comparison  between  the  cost  of  fine  grinding 
and  the  resultant  increase  in  strength  ;  up  to  a  certain  limit, 
the  advantage  of  fine  grinding  increases  in  a  greater  propor- 
tion than  the  cost,  but  beyond  that  limit,  the  proportion  is 
reversed,  and,  to  attain  a  given  strength  of  concrete,  it  would 
become  more  expensive  to  use  the  extremely  fine  cement  than 
a  proportionately  larger  quantity  of  somewhat  coarser  cement. 

It  has  now  been  proved  that,  by  modern  methods,  cement 
can  be  profitably  manufactured  which  will  leave  no  residue 
on  a  No.  50  sieve,  and  not  more  than  2  per  cent,  on  a  No. 
76,  or  5  per  cent,  on  a  No.  100.  Other  things  being  equal, 
a  fine  cement  is  stronger  than  a  coarse  one,  sets  more 
quickly,  and  is  less  liable  to  expand  or  "  blow  "  in  setting. 

The  standard  sieve  in  the  United  States  and  in  the 
principal  European  countries  is  formed  with  wires  of  a 
thickness  equal  to  half  the  width  of  the  meshes, — thus,  a 
No.  50  sieve  has  wires  *0068  inch  thick  and  openings 
•0132  inch  wide,  and  a  No.  76  has  wires  -0044  inch  in 
diameter  and  openings  '0087  inch  wide.  Unfortunately 
this  simple  standard  has  not  yet  been  generally  adopted  in 
England;  in  the  principal  Government  Departments  the 
wire  for  a  No.  50  sieve  is  *007  inch,  and  that  for  a  No.  76 
is  *005  inch,  and  the  maximum  residue  allowed  on  the 
former  sieve  is  2  per  cent,  and  on  the  latter  10  per  cent. 

Sometimes  the  amount  of  "  flour  "  in  a  cement  is  ascer- 
tained by  means  of  a  flourometer,  but  this  test  is  not  often 
specified.  In  a  good  cement  the  flour  will  be  nearly  60 
per  cent. 


CHAPTEK  VI. 


MATRICES — (continued). 

III.  Artificial  Cements  (continued)  :— 3.  Portland  cement  (con- 
tinued)— Strength  :  Tensile,  Briquettes,  Water  (Table  IX.),  Com- 
pressive (Table  X.),  Transverse  (Table  XI.),  Adhesive— Increase 
of  strength  and  durability. 

Tensile  Strength. — The  test  for  tensile  strength  is  one 
of  the  most  important  which  we  have  to  consider,  and  in 
this,  again,  very  different  results  may  be  obtained  by 
different  operators  and  with  different  apparatus.  The 
temperature,  the  amount  of  water,  the  rate  at  which  the 
strain  is  applied,  all  affect  the  result.  The  results  vary 
also  to  the  extent  of  30  per  cent,  or  more,  according  to  the 
testing-machine  used,  and  they  are  largely  influenced  by 
the  form  of  the  briquette,  and  of  the  clips  by  which  it  is 
held  in  the  machine. 

Shape  of  Briquettes. — Mr.  E.  A.  Bernays,  in  1880, 
gave  to  the  Institution  of  Civil  Engineers  the  results  of 
tests  he  had  made  on  four  different  forms  of  briquettes,  all 
being  of  the  same  size  at  the  neck  or  place  where  fracture 
would  occur, — that  is  to  say,  l^in.  by  li  in.,  or  2±  square 
inches.  Six  briquettes  of  each  form  were  made  of  "the 
same  quality  of  cement,"  and  tested  at  the  end  of  seven 
days.  The  average  tensile  strength  of  briquettes  of  the 
form  A  was  602  lbs.,  B  760  lbs.,  and  C  900  lbs.,  the  last, 
therefore,  giving  results  50  per  cent,  higher  than  the  first, 
and  nearly  20  per  cent,  higher  than  the  second 

Form  A  is  the  form  of  briquette  first  used  in  testing 
cement,  Form  B  is  one  of  the  many  modifications  which  have 
been  tried,  end  Form  C  is  the  one  introduced  by  Mr.  John 
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Grant,  of  the  late  Metropolitan  Board  of  Works,  and  now 
generally  adopted  in  England.  Mr.  Faija,  however,  has 
slightly  altered  the  form  by  making  each  end  of  the 
briquette  angular  (like  a  gabled  roof)  instead  of  flat  (see 
Fig.  2) ;  this  is  done,  not  for  the  purpose  of  obtaining 
higher  results,  but  for  convenience  in  detaching  the  moulds 
in  which  the  briquettes  are  formed. 

The  most  usual  size  of  briquette,  at  the  smallest  part  or 
"neck,"  has  been  until  recently,  \  \  in.  square,  or  2^  square 
inches,  but  there  are  now  a  great  many  persons  who  advocate 
and  use  briquettes  measuring  only  1  in.  square  in  the 
smallest  part,  and  these  are  certainly  more  convenient  and 


ABC 

Fig.  1.— Shapes  of  Cement  Briquettes. 

can  be  tested  with  less  powerful  machines.  Some  persons 
even  advocate  the  use  of  briquettes  only  \  in.  square,  but 
briquettes  so  small  are  not  to  be  recommended,  as  the 
results  will  be  less  constant  than  with  larger  ones. 

Preparing  Briquettes. — The  operation  of  making  bri- 
quettes must  be  attended  with  care.  The  temperature  of 
the  cement,  water  of  mixture,  air,  and  of  the  water  in 
which  the  briquettes  are  placed  after  having  set,  should 
be  maintained  uniformly  at  60°  Fahr.,  as  variation  of 
temperature  is  injurious  to  the  hardening.  The  requisite 
quantity  of  water  (neither  more  nor  less)  should  be  added 
to  the  cement,  and  the  whole  thoroughly  mixed  together 
either  by  means  of  a  trowel  or,  better,  by  a  small  gauging- 
machine.  The  paste  must  then  be  filled  into  the  metal 
moulds,  pressed  so  as  to  exclude   all    air-bubbles,  and 
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smoothed  on  the  top  with  a  trowel.  The  moulds  con- 
taining the  cement  must  be  placed  where  they  will  not 
be  disturbed,  so  that  the  cement  can  have  full  opportunity 
of  setting  properly;  they  may  with  advantage  be  covered 
with  moist  blotting  paper  to  prevent  too  rapid  evaporation 
of  the  water  of  mixture.  At  the  end  of  24  hours,  the 
briquettes  must  be  released  from  the  moulds,  and  placed 
in  water,  where  they  must  remain  until  they  are  taken  out 
to  be  tested. 

Water. — The  quantity  of  water  used  in  making  briquettes 
has  a  great  influence  on  the  results  of  the  tests.  Too  much 
water  is  injurious,  and  no  more,  therefore,  ought  to  be  used 
than  is  necessary  to  bind  the  cement.  This  may  vary  from 
18  to  25  per  cent,  of  the  weight  of  the  cement,  the  finest 
and  quickest-setting  requiring  most  water.  Fresh  cement 
takes  more  than  stale  cement,  on  account  of  the  free  lime 
in  it  which  requires  slaking.  The  exact  amount  must  be 
left  to  the  judgment  of  the  person  making  the  test,  but  it 
may  be  interesting  to  give  the  quantity  of  water  used  in 
Germany  for  different  mixtures  of  cement  and  sand,  the 
proportions  being  all  obtained  by  weight : — 


Table  IX.— Quantity  of  Water  required  in  Briquettes. 


Cement. 

Sand. 

Water. 

100 

f  27-5* 
\25f 

12 

10 

10 

10 

50 
25 
20 
16-6 

50 
75 
80 
83-3 

Need  we  add  that  the  water  used  with  the  cement  ought  to 
be  pure,  free  from  earthy  and  organic  matter,  &c. 

Testing  Machines. — Several  kinds  of  testing-machines 
are  in  use,  among  which  we  may  mention  those  of  Adie, 


*  Quick-setting. 


f  Slow-setting, 
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Bailey,  Michele,  Fruhling  and  Michaelis,  Quillot,  Studt,  and 
Faija.  They  do  not  all  give  the  same  results,  as  they  vary 
in  steadiness  and  accuracy  of  workmanship,  but  a  detailed 
description  of  each  would  be  out  of  place  here.  They  are 
nearly  all  adaptations  of  the  lever,  the  stress  in  some  being 
applied  by  means  of  a  weight  moving  along  a  steelyard ;  in 
others  by  pouring  sand,  shot,  or  water  into  a  can  at  the 
end  of  the  lever. 

Fig.  2  is  a  side  elevation  of  Mr.  Faija's  machine,  which 
is  thus  described  in  his  valuable  little  book  on  "  Portland 


Fig.  2.— Faija's  Cement-Testing  Machine. 


Cement  for  Users"  :— "  The  briquette  to  be  tested  is  placed 
in  the  clips  F,  G,  in  which  it  is  fixed  by  turning  the  wheel 
E  attached  to  the  lower  clip  F.  The  strain  is  applied 
by  turning  the  handle  M,  which  by  means  of  gearing,  de- 
presses the  end  of  the  long  arm  of  the  lever,  and  the  strain 
applied  to  the  briquette  is  measured  by  the  spring-balance 
C,  through  which  the  power  depressing  the  long  arm^  is 
passed.  The  pointer  on  the  dial  carries  a  loose  finger,  which 
stops  at  the  position  on  the  dial  plate  indicating  the  strain 
in  pounds  at  which  the  briquette  broke.  The  gearing  is  so 
arranged,  that  by  turning  the  handle  M,  at  an  easy  pace, 
the  strain  is  applied  to  the  briquette  at  the  standard  rate 
of  4001bs.  per  minute."    The  machine  is  made  in  two  sizes, 
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the  smaller  capable  of  testing  anything  up  to  1,000  lbs. 
and  the  larger  anything  up  to  1  ton. 

In  ascertaining  the  strength  of  any  cement,  the  average 
of  not  less  than  three  tests  ought  to  be  taken. 

Age  of  Bkiquettes. — The  usual  age  at  which  neat 
cement  briquettes  are  tested  is  seven  days,  and  very  often 
another  set  of  three  or  more  is  broken  at  the  age  of  four- 
teen, and  a  third  at  the  age  of  twenty-eight  days.  In 
some  cases,  three-days'  tests  are  taken,  but  tests  at  early 
dates  are  not  always  to  be  depended  on,  for  it  not  un- 
frequently  happens  that  one  cement  at  the  age  of  three 
days  gives  better  results  than  another,  while  at  later  dates 
the  advantage  rests  with  the  latter. 

Three-days'  tests  ought  not  to  be  specified  alone,  but 
always  in  conjunction  with  tests  at  seven  days,  and  the 
latter  should  shew  an  increase  of  strength  over  the  former. 
What  the  amount  of  this  increase  will  be,  cannot  be 
definitely  stated.  "  A  slow-setting  cement,"  says  Mr. 
Faija,  "will  probably  increase  50  per  cent,  between  the 
three  and  seven  days'  tests,  and  25  per  cent,  between  the 
seven  and  twenty-eight  days,  whereas  a  quick-setting 
cement  may  increase  but  little;"  therefore,  "the  tensile 
strength  of  a  quick-setting  cement  should  be  greater  at  the 
shorter  dates  than  a  slow-setting  one." 

A  cement  which  developes  great  strength  in  a  short  time 
may  possibly  (but  not  by  any  means  necessarily,  of  course,) 
prove  to  be  a  dangerous  one,  liable  to  "  blow "  and  dis- 
integrate some  time  afterwards,  owing  to  the  presence  of 
lime  in  excess.  Instances  are  recorded  of  cements  which 
show  great  tensile  strength  at  the  end  of  one  month,  but 
which  fall  to  pieces  at  the  end  of  six  months. 

Tensile  Stbength  required  by  various  Engineers. — 
There  are  in  England  no  standard  rules  for  the  guidance  of 
persons  using  cement,  as  there  are  in  Germany  and  Austria. 
Here  every  engineer  specifies  the  strength,  fineness,  &c,  of 
the  cement  to  be  what  his  own  sweet  will  directs  ;  and,  conse- 
quently, the  varieties  of  specifications  prove  quite  bewilder- 
ing to  manufacturers.    Mr.  William  Gostling,  with  a  touch 
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of  humour,  drew  attention  to  this  matter  by  a  communica- 
tion printed  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers  (1879-80,  part  iv.).  He  gave  three  lists,  which 
he  had  compiled,  of  specifications  ;  twenty-one  specifications 
showed  thirteen  different  tests  for  fineness,  ten  for  weight, 
and  thirteen  for  tensile  strength.  The  tensile  strengths 
required  by  the  specifications  varied  from  200  lbs.  to  444 
lbs.  per  sq.  in.  for  neat  cement  broken  seven  days  after 
gauging,  and  from  140  lbs.  to  170  lbs.  per  sq.  in.  for 
briquettes  made  of  cement  and  sand  (1  to  3),  broken  at  the 
age  of  twenty-eight  days. 

Mr.  Grant,  in  the  original  specification  of  cement  for  the 
Metropolitan  Main  Drainage  Works,  required  a  tensile 
strength  of  177*8  lbs.  per  sq.  in.,  but  afterwards  increased 
it  to  350  lbs.  Still  more  recently  (namely,  in  1880),  he 
again  raised  the  test,  and  required  neat  cement  to  bear  at 
least  400  lbs.  per  sq.  in.  after  seven  days,  and  550  or  600 
lbs.  after  twenty-eight  days,  the  briquettes  in  all  cases 
being  one  day  in  air  and  the  remainder  in  water.  Mr.  V.  de 
Michele  in  1880  considered  a  strength  of  300  lbs.  per  sq. 
in.  at  seven  days  sufficient,  while  Mr.  Faija  follows  Mr. 
Grant's  middle  test  for  the  seven-days'  strength,  but 
specifies  his  requirements  for  tests  at  the  ages  of  three  days 
and  twenty-eight  days,  namely,  250  lbs.  at  three  days,  350 
lbs.  at  seven  days,  and  450  lbs.  at  twenty-eight  days.  Mr. 
A.  E.  Carey  requires  180  lbs.  at  three  days,  350  at  seven 
days,  and  550  at  twenty-eight  days  for  neat  cement;  and 
120  lbs.  at  seven  days,  and  200  at  twenty-eight  days,  for 
briquettes  of  cement  and  normal  quartz  sand  (1  to  3). 
Some  manufacturers  guarantee  a  strength  of  444  lbs.  per 
sq.  in.  at  the  age  of  seven  days;  Mr.  G.  F.  White  has 
stated  that  the  average  tensile  strength  of  the  cement  made 
by  his  firm  during  a  period  of  two  years  ranged  from  502 
lbs.  to  524  lbs.  per  sq.  in.  Cements  have  been  tested 
which  give  a  tensile  strength  of  more  than  700  lbs.  at  seven 
days,  but  such  cements  show  little  increase  in  strength 
afterwards,  and  as  they  most  likely  contain  too  much  lime, 
are  probably  somewhat  dangerous.     In  modern  specifica- 
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tions  the  tensile  strength  of  neat  cement  ranges  from  450 
to  550  lbs.  per  square  inch  at  seven  days,  and  from  700  to 
850  lbs.  at  twenty-eight  days. 

Tensile  Strength  of  Cement  and  Sand. — Although  the 
testing  of  cement  neat  is  undoubtedly  important,  it  does 
not  really  give  an  exact  idea  of  the  working  value  of  the 
cement ;  for  cement  is  scarcely  ever  used  neat,  but  almost 
invariably  in  combination  with  sand  and  other  substances. 
This  is  one  strong  argument  in  favour  of  testing  mixtures 
of  cement  and  sand,  so  that  the  test  may  bear  a  closer 
relation  to  the  uses  to  which  the  cement  must  be  put  in 
actual  construction.  Another  argument,  even  more  forci- 
ble, is  that  the  strength  of  neat  cement  does  not  bear  a 
fixed  ratio  to  the  strength  of  the  cement  when  mixed  with 
sand,  and  many  figures  might  be  quoted  to  show  that,  of 
two  cements,  one  gives  better  results  when  tested  neat, 
while  the  other  is  the  stronger  when  tested  with  sand. 

The  German  and  Austrian  standard  rules  prescribe  such 
a  sand-test ;  they  require  the  briquettes  to  be  composed  of 
one  part  cement  and  three  parts  dry  sand  (by  weight),  to 
remain  in  air  for  one  day  after  gauging,  and  then  to  be 
placed  in  water  for  a  period  of  twenty-seven  days ;  at  the 
end  of  this  period  they  are  to  be  tested.  The  German 
rules  in  1878  required  the  tensile  strength  of  such  bri- 
quettes to  be  10  kilogrammes  per  square  centimetre 
(142*22  lbs.  per  sq.  in.);  while  the  Austrian  rules  de- 
manded 12  kilos,  for  the  same  area  (170*7  lbs.  per  sq.  in.). 
In  1887  the  German  standard  was  raised  to  16  kilos,  per 
square  centimetre,  or  227*5  lbs.  per  sq.  in.  Thirty-three 
briquettes  made  from  Messrs.  G.  &  T.  Earle's  Portland 
cement  and  three  parts  sand,  in  accordance  with  the 
German  rules,  were  tested  by  Mr.  Faija  in  1886,  and  gave 
an  average  strength  of  251  lbs.  per  sq.  in.  at  twenty-eight 
days.  Dr.  Michaelis  mentions  one  cement  which,  tested 
with  three  parts  sand,  broke  with  457  lbs.  per  sq.  in.  at 
twenty-eight  days. 

There  are  two  common  objections  raised  against  the 
sand-test ;  first,  the  great  delay  which  a  test  extending 
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over  twenty-eight  days  involves  (and  briquettes  containing 
sand,  it  must  be  remembered,  cannot  be  fairly  tested  at  an 
earlier  date) ;  and  second,  the  difficulty,  nay,  almost  the 
impossibility,  of  obtaining  natural  sand  of  such  a  uniform 
physical  and  chemical  composition  as  will  give  always 
identical  results. 

In  Germany,  a  standard  sand  can  be  obtained  from  the 
Government  testing-establishment  at  Berlin ;  this  sand  has 
all  passed  a  sieve  with  387  meshes  per  sq.  in.,  and  has  all 
been  retained  on  one  with  774.  The  second  objection, 
therefore,  loses  in  that  country  a  great  part  of  its  force. 
In  England  no  such  standard  sand  exists,  but  any  kind  is 
called  "normal"  or  "  standard,"  if  it  has  all  passed  a  No.  20 
sieve  and  been  retained  by  a  No.  30.  An  attempt,  however, 
is  being  made  to  render  a  special  kind  of  sand,  obtained  at 
Leighton  Buzzard,  the  standard  sand  for  this  country. 

Mr.  Grant,  however,  the  great  advocate  of  testing  cement 
with  sand,  declared  in  1880  that  he  had  "recently  met 
wTith  two  sands  which,  though  both  clean,  sifted  through 
the  same  sieves,  and  not  much  unlike  each  other  even 
under  the  microscope,  gave  results  that  differed  by  50  per 
cent."  "From  this,"  he  continued,  "it  was  clearly  as 
important  to  test  the  quality  of  the  sand  or  gravel  used 
with  cement  as  it  was  to  test  the  cement  itself."*  This 
would  be  multiplying  the  difficulties  of  testing,  and  there- 
fore we  think  Mr.  Faija's  suggestion,  made  after  the  read- 
ing of  Mr.  Grant's  paper,  a  good  one,  namely,  that  cement 
should  be  tested  neat,  and  that  for  the  sand-test  the  sand 
used  should  be  of  the  kind  which  would  be  used  in  the 
actual  works  for  which  the  cement  was  required.  This 
would  give  the  architect  or  engineer  a  knowledge  of  the 
strength  to  which  the  particular  structure  about  to  be 
erected  might  be  expected  to  attain.  Table  L,  page  20, 
contains  the  results  of  tests  made  by  Mr.  Grant  on  the 
strength  of  neat  cement,  and  of  cement  and  sand  in  dif- 
ferent proportions,  and  the  results  of  other  experiments 
will  be  found  in  Chapter  X.,  and  in  Figure  3,  page  74. 

*  Proceedings  of  the  Inst,  C.  E.}  1879-80,  part  iv? 
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Compressive  Strength. — Testing  by  compression  is  sel- 
dom or  never  specified,  but  the  results  of  such  tests, 
especially  with  briquettes  of  cement  and  sand,  are  of 
interest,  as  this  test  approximates  more  closely  to  the 
actual  stress  which  the  cement  has  to  bear  in  certain  parts 
of  a  building  (foundations  and  arches,  for  instance),  than 
does  the  test  by  tension.  The  shape  of  the  briquettes 
largely  influences  the  results,  as  it  does  in  the  case  of 
tensile  tests.  The  resistance  of  cubes,  columns,  cylinders, 
&c,  as  can  easily  be  understood,  varies  considerably.  For 
comparison,  cubes  of  a  certain  size  are  most  convenient. 

The  resistance  which  Portland  cement  offers  to  com- 
pression bears  an  approximate  relation  to  that  which  it 
offers  to  tension,  although  the  relation  is  not  as  uniform  as 
in  cast-iron  and  wrought-iron.  Messrs.  Dyckerhoff  found 
that  cements,  tested  under  the  same  conditions  as  to  area, 
&c,  and  with  three  parts  of  sand  to  one  of  cement,  ex- 
hibited a  resistance  to  compression  twenty  times  as  great 
as  that  they  offered  to  tension,  but  this  apparently  is  an 
abnormal  ratio.  Professor  Bauschinger  states  that  with 
nine  cements  the  ratio  between  compressive  and  tensile 
strengths  varied  from  7  to  1  to  11  to  1.  On  the  Continent 
it  is  usually  considered  that  the  resistance  of  a  cement- 
mortar  (1  to  3)  to  compression  should  be  ten  times  as  great 
as  its  resistance  to  tension.  Mr.  Faija  found  that  four 
cements  gave  results  in  which  the  ratio  varied  from  about 
7  to  1  to  9  to  1 ;  at  the  age  of  28  days,  the  resistance  to 
crushing  varied  from  4,270  lbs.  to  4,780  lbs.  per  sq.  in., 
and  the  resistance  to  tension  from  480  lbs.  to  696  lbs. 
These  figures  are  the  average  of  three  tests  in  each 
instance;  the  briquettes  crushed  were  only  1-in.  cubes. 
See  also  Table  IV.,  page  30. 

Considerable  objection  has  been  taken  to  the  compression- 
test,  because  the  slightest  inequality  of  the  surfaces  of  the 
briquette  may  cause  fracture  under  a  comparatively  small 
stress.  This  is  perfectly  true  when  the  briquettes  are  very 
small,  but  the  difficulty  is  not  insurmountable.  If,  instead 
of  1-in.  cubes,  6-in.  cubes  were  made,  and  brought  to  a 
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smooth  surface  on  two  opposite  sides  with  plaster  of  Paris 
or  neat  cement,  or  in  other  suitable  manner,  and  crushed, 
as  in  the  case  of  building-stones,  more  accurate  and 
uniform  results  of  considerable  value  would  be  obtained. 

When  the  resistance  of  building-stones  to  crushing  began 
to  be  tested,  small  cubes  measuring  1  in.  or  1  \  in.  or  2  in. 
each  way  were  used,  but  the  results  varied  to  such  an 
extent,  on  account  of  the  irregularity,  &c,  of  the  specimens, 
that  it  was  found  necessary  to  test  larger  pieces.  This 
was  rendered  possible  by  Kirkaldy's  powerful  machines. 
The  larger  pieces  invariably  gave  higher  results  per  square 
inch  than  the  smaller;  thus,  nine  experiments  on  2 -in. 
cubes  of  Yorkshire  stone  gave  a  mean  resistance  of  4*38 
tons  per  square  inch,  while  6-in.  cubes  gave  a  mean  of  4*91 
tons  ;  and  2-in.  cubes  of  Bath  stone  (Box)  crushed  with  '66 
ton  per  square  inch,  while  6-in.  cubes  required  1*5  tons  per 
square  inch  to  crush  them.  Mr.  Faija's  tests  of  1-in.  cubes 
of  neat  cement  showed  compressive  strengths  varying  from 
1*91  tons  to  2 '13  tons  per  sq.  in.  at  the  age  of  twenty- 
eight  days,  and  increasing  to  three  or  four  tons  at  the  end 
of  six  months.  Some  tests  by  Mr.  A.  E.  Carey  showed  the 
compressive  strength  of  a  neat  cement  to  be  at  three 
months  7,392  lbs.  per  sq.  in.,  or  3*3  tons.  Tests  of  larger 
concrete  cubes  will  be  given  hereafter.  (See  Tables  XVI., 
page  127,  and  XXL,  page  183.) 


Table  X.— Tensile  and  Compressive  Strength  of  Portland 
Cement,  in  lbs.  per  sq.  in. 


Composition 
(by  weight). 

Tensile  strength. 

Compressive  strength. 

Cement.! 

Lime 
in  Dry 
State. 

Sand. 

Three 

of 
Sand. 

Five 
of 
Sand. 

Six 
of 
Sand. 

Seven 

of 
Sand. 

Eight 

of 
Sand. 

Three 

of 
Sand. 

Five 
of 
Sand. 

Six 
of 
Sand. 

Seven 

of 
Sand. 

Eight 

of 
Sand. 

| 

I 
1 

1 

3,  5,  6 
3,  5, 
3,  5,  6 

5,  6,  7 
5,0,7,8 

6,  7,8 
8 

224-8 
236-2 
258-9 

138 

159-4 

150-8 

139-4 

128 

91 

145-1 

132-  3 

133-  7 
115-2 

119-5 
99-6 
91-1 

86-8 

74 

76-8 

4,822 
5,509 
6,292 

2,341 
3,036 
3,193 
3,618 
3,412 

1,549 

2,'504 
2,481 
2,716 
3,521 

2,066 
1,941 
2,535 

1,648 
1,847 
1,871 
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The  preceding  table  is  based  on  results  obtained  by 
Messrs.  Dyckerhoff,  and  shows  the  relation  between  the 
tensile  and  compressive  strengths  of  cement  mortar  con- 
taining sand  and  lime  in  varying  proportions;  the  sand 
had  all  passed  a  sieve  with  387  meshes  to  the  sq.  in.,  and 
had  all  been  retained  on  one  with  774  meshes ;  the  cement 
took  four-and-a-half  hours  to  set. 

These  tests  were  all  made  on  briquettes  twenty-eight 
days  old,  the  first  four  series  having  been  kept  in  air  one 
day  and  in  water  twenty-seven  days,  the  last  three  series 
having  been  in  air  the  whole  time.  The  briquettes  were 
only  small,  those  subjected  to  tensile  stress  weighing  about 
•33  lbs.  each,  and  the  others  about  *43  lbs.  each. 

Transverse  Strength. — Mr.  D.  A.  Stevenson  specifies 
the  following  test  of  cement  for  small  works,  where  a 
testing-machine  cannot  reasonably  be  required  : — "  The 
cement  is  to  be  made  into  blocks,  1  in.  square  and  8  in. 
long ;  these  are  to  be  immersed  in  water  for  seven  days, 
and  then  tested  by  being  placed  on  two  supports  6  in. 
apart,  when  they  must  stand  the  transverse  strain  pro- 
duced by  a  weight  of  75  lbs.  placed  in  the  centre."* 

Mr.  Deacon,  Water  Engineer  of  Liverpool,  contrived  a 
simple  apparatus  for  ascertaining  the  transverse  strength  of 
cement  bars,  by  which  no  stress  is  put  upon  the  bar  by  the 
weights  until  a  lever  is  moved.  He  recommends  that 
three  bars  of  neat  cement,  10  in.  by  \  \  in.  by  \\  in.,  be 
made,  kept  in  water  for  seven  days,  and  then  broken  on 
supports  9 J  in.  apart;  if  not  more  than  one  of  the  three 
break  with  a  weight  of  150  lbs.,  the  cement  may  be 
considered  satisfactory. 

For  use  in  the  formula  C  =  (see  Chapter  XVI.), 

2J3D 

Mr.  Stevenson's  test  assumes  the  value  of  C  to  be  675,  and 
Mr.  Deacon's  assumes  it  to  be  633  ;  these  constants  will 
give  the  breaking-weight  (W)  in  lbs.  Calculations  will  be 
much  simplified  if  C  be  taken  to  equal  six,  the  breaking- 


*  Proceedings  Inst.  0.  E.,  vol.  lxxxvii.  part  i. 
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weight  being  then  in  cwts.  ;  this  will  be  near  enough  for 
all  practical  purposes,  for  a  large  factor  of  safety  must 
always  be  used  in  calculating  the  safe  load  for  concrete 
structures. 

The  following  table  has  been  compiled  from  figures  given 
by  Gillmore  in  his  book  on  limes,  &c.  The  bars  were  made 
in  1860,  kept  in  water,  and  broken  by  a  force  applied  at 
the  middle,  the  ends  being  simply  supported  : — 


Table  XL— Transvekse  Strength  of  Portland  Cement.* 


6 

Proportion  by  volume. 

Size  of 
bars. 

|  Clear  span. 

Age  in  days.l 

Average 
breaking 
weight  inlbs. 

Value  of  C, 
to  give  re- 
sult in  cwts. 

Remarks. 

in  .in. 

in. 

1 

English  Portland  cement  . 

2x2 

4 

320 

1,536 

10-3 

\  Set  under  pres- 

2 

1           „           to  1  sand 

ii 

ii 

ii 

1,263 

8-4 

|  sure  of  32 lbs. 

3 

1            n             ii  2 

ii 

19 

ii 

950 

6-3 

J  per  sq.  in. 

4 

English  Portland  cement  . 

lxl 

3 

270 

306 

12-3 

5 

1           „           to  1  sand 

ii 

ii 

ii 
ii 

313 

12-5 

6 

1            ii             ii  2  ), 

ii 

ti 

204 

8-2 

f  Not  set  under 

7 

1  3 

ii             ii  u  ii 

ii 

ii 

ii 

91 

3-6 

f  pressure. 

8 

1  4 

A            ii              ii  *  ii 

ii 

ii 

ii 

74 

2-9 

9 

1                    11                      11    6  V 

ii 

?? 

45 

1-8 

10 

1  Eoman  cement  to  1  sand 

2x2 

4 

100 

585 

3-9 

Set  under  pres- 

sure of  32  lbs. 

per  sq.  in. 

It  will  be  noticed  that  the  value  of  C  deduced  from  these 
experiments  is  considerably  more  than  is  required  by  the 
tests  of  Mr.  Stevenson  and  Mr.  Deacon,  but  it  must  be 
remembered  that  the  latter  are  for  tests  at  seven  days, 
whereas  Gillmore's  experiments  were  on  bars  270  and  320 
days  old.  The  abnormal  strength  of  No.  5,  seems  to  point 
to  some  error  or  irregularity  in  the  testing,  either  of  it  or 
of  some  of  the  others  in  that  series. 

Adhesive  Strength. — Cements  have  not  been  as  fre- 
quently tested  for  adhesion  as  for  tensile  strength.  A 

*  For  the  transverse  strength  of  concrete  beams,  see  Table  XXII., 
pages  190-1. 
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somewhat  elaborate  series  of  experiments  with  American 
cements  and  bricks  is  tabulated  in  Gillmore's  "Limes, 
Hydraulic  Cements,  and  Mortars/'  and  General  Sir  C.  W. 
Pasley  in  England,  about  fifty  years  ago,  made  similar 
experiments  by  tearing  apart  bricks  and  various  building- 
stones  which  had  been  united  by  an  artificial  cement.  As 
far  as  the  adhesive  strength  of  cement  is  concerned,  these 
latter  experiments  are  quite  out  of  date.  A  circular  issued 
some  years  ago  by  the  Selenitic  Cement  Company  shows 
that  a  force  of  23  lbs.  per  sq.  in.  is  required  to  tear  apart 
common  stock-bricks  after  they  have  been  united  for 
twenty-eight  days  by  a  mortar  consisting  of  one  part  Port- 
land cement  and  four  parts  sand.  Mr.  Grant  found  that 
bricks  cemented  together  with  mortar  composed  of  one 
part  cement  and  two  parts  sand  required,  at  the  end  of 
twenty-eight  days,  a  force  varying  from  15  lbs.  to  30  lbs. 
per  sq.  in.  to  tear  them  apart. 

The  most  extensive  series  of  experiments  on  the  adhesive 
strength  of  Portland  cement  was  carried  out  by  Mr.  Mann. 
The  tests  were  made  by  tearing  apart  small  pieces  of  sawn, 
close-grained  limestone,  which  had  been  joined  together 
with  cement.  His  experiments  showed  that  the  adhesive 
strength  did  not  bear  a  uniform  relation  to  the  tensile  or 
cohesive  strength,  but  varied  from  about  1  to  5  to  1  to  9 
in  the  seven  days'  tests,  and  from  1  to  3  to  1  to  5  in  the 
twenty-eight  days'  tests.  The  adhesive  strength,  it  will  be 
seen,  increased  more  rapidly  than  the  cohesive,  in  the 
twenty-one  days  which  elapsed  between  the  two  tests.  He 
also  proved  that  the  finer  a  cement  is  ground  the  greater  is 
its  adhesive  strength.  The  average  adhesive  strength  of 
neat  Portland  cement,  as  tested  by  Mr.  Mann,  may  be  con- 
sidered to  be  between  80  lbs.  and  90  lbs.  per  sq.  in.,  at 
twenty-eight  days ;  the  tests  being  carried  out  with  cement 
bedded  between  pieces  of  sawn,  close-grained  limestone. 

The  adhesion  varies  not  only  with  the  quality  of  the 
cement,  but  also  with  the  quality  as  well  as  quantity  of 
the  sand,  the  porosity  of  the  substances  joined  together, 
their  degree  of  saturation,  and,  of  course,  the  length  of 
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time  during  which  they  have  been  joined.  The  thorough 
saturation  with  water  of  the  materials  to  be  united,  and 


the  fineness  of  the  cement,  are  important  if  high  results  are 
to  be  obtained. 

Increase  of  Strength. — The  accompanying  diagram 
(Fig.  3)  shows  graphically  the  tensile  strength,  to  the  age 
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of  one  year,  of  Portland  cement  mixed  with  different  pro- 
portions of  clean  pit-sand.  The  dotted  line  represents  the 
actual  breaking  strength  at  the  various  dates,  and  the  full 
line  shows  the  probable  mean  curve  of  strength.  The 
figure  is  based  on  experiments  made  by  Mr.  Grant,  in 
1862-3,*  on  briquettes  of  the  shape  marked  A  in  Fig.  1. 
As  we  have  stated,  such  briquettes  give  considerably  lower 
results  than  the  briquettes  of  better  shape  which  are  now 
used.  For  this  reason,  50  per  cent,  has,  in  each  case,  been 
added  to  the  strengths  obtained  by  Mr.  Grant. 

The  chief  lesson  to  be  learnt  from  Mr.  Grant's  tests  is 
the  difference  in  the  rate  of  hardening  of  different  mortars; 
for  instance,  neat  cement  would  support  300  lbs.  at  one 
week ;  1  to  1  mortar  would  do  the  same  at  7  weeks ;  1  to 
2  at  15  weeks;  and  1  to  3  not  until  after  a  year.  When 
we  are  told  that  the  supports  of  ordinary  concrete  floors 
may  be  struck  in  one  week  after  the  floors  have  been  laid, 
we  have  only  to  refer  to  this  figure  to  be  convinced  of  the 
danger  of  following  such  advice.  A  period  of  from  four  to 
six  weeks  ought  always  to  elapse  before  any  stress  is  put  on 
such  floors,  either  by  removing  the  supports  or  by  traffic. 

It  must  not  be  considered  that  all  cements  increase  in 
strength  in  the  degree  shown  in  the  figure,  or  that  the  ratio 
beween  the  neat  cement  and  the  mortars  is  always  the  same; 
the  figure  must  be  taken  as  approximate  only.  The  tensile 
strength  of  the  neat  cement  at  seven  days  is  only  300  lbs. 
per  sq.  in.,  even  after  allowance  has  been  made  for  the  im- 
perfect form  of  the  briquette  used  in  testing ;  nowadays,  a 
strength  of  450  lbs.  to  600  lbs.  is  common.  The  strength, 
at  different  ages,  of  mortars  made  from  cements  of  various 
initial  strengths,  may  be  roughly  estimated  by  using  a 
different  scale  for  measuring  the  curve  of  strength  from  the 
base  line ;  thus  Scale  1  (see  Fig.  3)  may  be  used  for  cements 
with  a  strength  of  350  lbs.  at  seven  days,  and  Scale  2  for 
400. 

Professor    Unwin   states   that    "  for  ordinary  tension 
*  Proceedings  Inst,  of  C.  E.,  vol.  xxv.  (1865-6). 
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briquettes  the  gain  of  strength  is  nearly  proportional  to  the 
cube  root  of  the  time  of  hardening,  and  that  both  for  a 
neat  cement  and  cement  mortar."  In  other  words,  if  the 
strength  at  seven  days  be  taken  as  1,  the  strength  at 
twenty-eight  days  will  be  1*6,  and  at  six  weeks  2. 

Durability. — The  further  question  remains — Is  the 
strength  of  Portland  cement  permanent  ?  Mr.  Grant  says 
that  the  process  of  hardening  goes  on  for  years,  and  "  there 
is  no  reason  to  fear  that  good  cement  ever  deteriorates. " 
His  opinion  is  based  on  the  result  of  a  series  of  experiments 
extending  over  ten  years  (1858  to  1868);  the  tests  during 
the  last  three  years  gave  slightly  lower  results,  but  this  he 
considers  to  have  been  due  to  the  fact  that  the  briquettes 
had  been  neglected  and  moved  from  place  to  place  owing  to 
the  death  of  the  person  who  had  had  charge  of  them.  We 
need  not  say  that  Mr.  Grant's  opinion  on  any  matter  con- 
cerning Portland  cement  carries  great  weight. 

Mr.  A.  E.  Carey,  in  a  paper  read  in  November,  1891, 
before  the  Institution  of  Civil  Engineers,  said : — "  The 
molecular  structure  of  Portland  cement  changes  with  age, 
its  hardness  and  brittleness  increasing,  and  its  elasticity 
diminishing.  There  is  a  point,  therefore,  at  which  the 
cement  begins  to  show  a  falling  off  in  tensile  strength,  while 
the  compression  tests  continue  to  improve.  The  gauging  of 
cement  with  sea-water  [instead  of  fresh]  allows  this  result 
to  be  attained  more  speedily  with  the  same  cement." 

Experiments  recently  made  by  Baron  Quinette  at  Havre, 
show  a  great  falling-off  in  the  tensile  strength  of  neat 
cement  after  the  first  year,  while  that  of  mortars  goes  on 
increasing  "during  several  years." 
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MAT  RICE  S — (continued'). 

III.  Aetificial  Cements  (continued')  : — 3.  Portland  cement  (con- 
cluded)— Resistance  to  fire — Soundness — Time  of  setting — Air- 
slaking — Storing — Expansion  and  contraction — Specifications. 

Resistance  to  Fire. — The  superiority  of  Portland  over 
some  other  cements  and  plasters  in  respect  of  resistance  of 
fire,  has  already  been  mentioned  in  Chapter  III.,  pp.  34-39. 
It  is,  of  course,  acknowledged  that  Portland  cement  is  not 
proof  against  great  heat  and  sudden  quenching,  but  it  may 
be  asked — What  material  is  ?  Certainly  iron  and  steel  are 
not;  limestone,  granite,  and  sandstone  are  not.  Indeed, 
very  few  of  the  materials  which  are  used  in  modern 
buildings  can  withstand  such  a  test.  Portland  cement 
is  undoubtedly  a  fire-resisting  material,  and  a  good 
one,  but  it  is  not, — and  very  few  materials  are, — -fire-proof. 
Mr.  Thaddeus  Hyatt,  in  his  book  on  "  Portland-Cement- 
Concrete,  "  mentions  a  "  New  Portland  Cement,  specially 
prepared  to  resist  fire,"  but  apparently  this  is  not  in  the 
market  to-day. 

Soundness. — The  fineness,  tensile  strength,  and  soundness 
are  three  of  the  most  important  particulars  to  be  ascer- 
tained respecting  any  Portland  cement.  The  fineness  of  a 
cement  is  an  indication,  other  things  being  equal,  of  its 
sand-carrying  properties, — the  finer  the  cement  the 
more  sand  will  it  take.  A  finely-ground  cement  is  also 
less  likely  to  be  unsound  than  a  coarse  cement.  The  im- 
portance of  a  high  tensile  strength  is  patent  to  every  one. 
But  if  a  cement  be  finely-ground  and  of  great  strength,  and 
withal  have  not  soundness,  it  ought  not  to  be  used. 
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An  unsound  cement  may  attain  great  strength  at  first ; 
concrete  made  with  it  may  harden  properly,  and  seem  for 
weeks,  and  even  months,  to  be  thoroughly  hard  and  sound, 
but  gradually  a  change  is  apparent,  the  concrete  begins  to 
disintegrate,  and  after  a  time  becomes  an  almost  incoherent 
mass  of  rubbish.  Then,  the  architect  must  perforce  order 
the  work  to  be  done  over  again,  and  time  and  money  are 
lost.  But  sometimes  the  defect  is  not  observed  before  the 
final  certificate  is  granted;  perhaps  the  foundations  are 
covered  before  the  unsoundness  is  apparent,  or  the  floors  have 
their  upper  and  lower  surfaces  finished,  and  so  on,  but 
sooner  or  later  the  failure  is  visible.  In  one  case,  18  in. 
brick  walls  were  thrust  out  of  perpendicular  by  the  expan- 
sion of  concrete  floors  made  with  unsound  cement. 

A  test  for  soundness  can  be  carried  out  without  much 
difficulty,  but  as  some  cements  take  such  a  long  time  before 
their  unsoundness  develops  to  any  dangerous  extent,  an 
artificial  means  of  accelerating  the  hardening  process  has 
been  desired.  Some  persons  have  advocated,  but  not  wisely, 
the  making  of  thin  pats  of  cement-paste  on  an  iron  plate 
and  heating  them  on  a  gas-jet  or  in  front  of  a  fire.  The 
best  apparatus  which  has  yet  been  devised  is  that  described 
by  Mr.  Faija  in  his  book  on  Portland  cement. 

The  fact  that  moist  heat  accelerates  the  hardening  of 
cement  is  the  leading  idea  in  Mr.  Faija's  test,  and  this  is 
turned  to  account  by  placing  the  cement  pats  on  a  slip  of 
glass  within  a  closed  vessel,  containing  water  under  the 
glass ;  this  water  is  kept  at  a  fairly  uniform  temperature  of 
about  112  deg.  to  1 1 7  deg.  Fahr.  After  remaining  three  hours 
in  the  damp  atmosphere  of  this  vessel  the  pats  are  put  into  the 
hot  water  and  allowed  to  remain  there  for  twelve  or  fifteen 
hours,  when  they  are  taken  out  and  examined  for  cracks, 
lifting  from  the  glass,  warping,  &c.  If  these  are  visible, 
the  cement  must  be  accepted  with  caution,  or,  in  bad  cases, 
condemned  altogether. 

It  is,  however,  possible  for  anyone  to  carry  out  a  test 
which  will  be  of  some  aid  in  ascertaining  the  soundness  of 
a  cement,  although  it  is  not  of  equal  value  to  the  test 
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already  described.  Take  samples  of  the  cement  from  three 
or  four  bags  or  barrels,  immediately  on  their  arrival  at  the 
building-site,  and  mix  the  different  samples  together  dry. 
Then  make,  on  two  pieces  of  glass,  two  pats  of  neat  cement, 
say,  2  in.  or  3  in.  diameter,  and  about  \  in.  thick  at  the 
centre,  but  thin  at  the  edges.  The  time  of  setting  may  be 
ascertained  during  the  progress  of  this  test. 

When  the  pats  are  set  hard,  place  one  in  water  and 
examine  it  daily.  If  the  cement  have  any  tendency  to 
"  blow," — i.e.,  if  it  be  unsound, — very  fine  cracks  will 
appear  at  the  edges,  and  the  edges  may  leave  the  glass. 
The  other  pat,  kept  in  air,  ought  when  hard  to  have  a 
greyish- white  hue  ;  a  buff  colour  indicates  an  "over-clayed" 
cement,  and  such  cements  are  weaker  than  cements  of  proper 
composition,  and  are,  as  has  already  been  stated,  liable  to 
crumble  away  on  exposure  to  the  atmosphere. 

Another  cause  of  disintegration  is  the  presence  of  free 
quicklime  in  the  cement ;  the  danger  arising  from  this  can 
be  minimised  by  properly  air-slaking  the  cement  before 
using  it,  but  an  over-clayed  cement  cannot  be  improved, — 
it  ought  to  be  rejected.  Similar  pats  made  of  cement  and 
sand  (1  to  3)  may  be  made  and  tested  as  above  with 
advantage. 

Time  of  Setting. — The  time  of  setting  of  different  Port- 
land cements  varies  from  a  few  minutes  (say,  ten)  to  as 
many  hours.  If  a  pat  of  neat  cement  is  indented  by  a  moderate 
pressure  of  the  thumb-nail  at  the  end  of  two  hours,  it  may 
be  considered  slow-setting.  It  is  customary  now  to  notice 
the  time  of  "  initial  set,"  that  is,  the  commencement  of  the 
stiffening  process,  and  the  "  set  hard,"  which  is  the  time 
when  the  cement  will  bear  without  indentation  a  moderate 
pressure  of  the  thumb-nail.  The  former  is  valuable,  as  it 
enables  us  to  form  an  idea  of  the  limit  of  time  within  which 
the  cement  ought  to  be  deposited  in  work  after  being 
gauged.  It  is  determined  by  gauging  a  sample  of  cement 
and  observing  one  or  more  pats  kept  in  air.  If  greater 
accuracy  be  required,  the  time  of  setting  can  be  ascertained 
by  the  needle  test,  but  the  thumb-nail  test  is  really  quite 
sufficient. 
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As  a  rule,  a  highly-burnt  cement  sets  more  slowly  than 
one  lightly  burnt,  but  there  are  exceptions,  and  more 
frequently  the  rate  of  setting  depends  rather  on  the  com- 
position of  the  cement  than  on  the  burning.  An  excess  of 
alumina  increases  the  rapidity  of  the  setting,  as  in  Roman 
and  similar  cements ;  excess  of  lime  has  the  opposite  effect. 
Fineness  of  grinding  also  hastens  the  setting,  and  to 
counteract  this  effect  many  manufacturers  add  from  1  to  2 
per  cent,  of  gypsum  during  the  grinding  process ;  larger 
quantities  of  this  material  endanger  the  permanence  of  the 
strength  of  the  cement. 

The  time  of  setting  is  delayed  by  storing  and  thoroughly 
air-slaking  the  cement,  and  the  same  effect  can  be  produced 
by  adding  sulphuric  acid  or  gypsum  (sulphate  of  lime)  on 
gauging.  In  either  case,  the  maximum  strength  of  the 
cement  is  more  rapidly  attained. 

Experiments  made  by  Mr.  Grant  in  1877  showed  that 
cement  spread  in  air  for  seventeen  hours  took  five  or  ten 
minutes  longer  to  set,  and  bore  at  seven  days  5  per  cent, 
more  tensile  stress  than  the  same  cement  gauged  as  soon 
as  it  was  taken  from  the  sacks.  Experiments  by  Messrs. 
Dyckerhoff  confirm  this,  and  show  further  that  the  addition 
of  1  per  cent,  of  gypsum  to  a  cement,  which  set  in  twenty 
minutes,  delayed  the  setting  to  600  minutes,  and  2  per  cent, 
delayed  it  to  840  minutes,  and  in  both  cases  the  strength  of 
the  cement,  whether  tested  neat  or  with  sand,  was  consider- 
ably increased  ;  the  increase  of  strength  with  2  per  cent,  of 
gypsum  was  about  1 3  per  cent,  at  the  end  of  a  year. 

Storing  the  cement  for  some  months  altered  the  time  of 
setting  from  twenty  minutes  to  630,  and  the  stored  cement 
mixed  with  three  parts  standard  sand  was  20  per  cent, 
stronger  at  the  end  of  a  year  than  the  original  cement  tested 
in  the  same  way. 

The  advantages  possessed  by  slow-setting  cements  in 
strength,  convenience  of  manipulation,  &c,  are  of  great 
value,  and  such  cements  are  for  ordinary  purposes  prefer- 
able to  quick-setting  ones. 

Air-Slaking. — "  Air-slaking  "  is  the  name  given  to  the 
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process  of  converting  the  quicklime,  present  in  cement,  into 
hydrate  of  lime,  by  means  of  the  atmosphere.  It  depends 
for  its  action  on  the  fact  that  quicklime  has  so  great  an 
affinity  for  water  that  it  absorbs  it  greedily  from  ordinary 
air,  and  is  converted  into  slaked  lime  by  an  amount  of 
moisture  so  small  as  not  to  cause  the  cement  itself  to  set. 
Air-slaking  is  effected  by  storing  the  cement  in  bulk,  so  that 
the  air  can  have  free  access  to  it. 

Some  persons  consider  that  ordinary  Portland  cement 
does  not  contain  more  than  1  per  cent,  of  free  lime,  but  as  no 
method  of  accurately  ascertaining  this  exists,  the  figure  is, 
perhaps,  more  or  less  guess-work.  Judging  from  the 
increase  of  bulk,  which  ensues  from  thorough  air-slaking, 
we  are  inclined  to  believe  that  cement  of  that  description 
contains  in  many  cases  3  or  4  per  cent,  of  free  lime,  and 
some  cements  probably  contain  considerably  more  than  this. 
When  we  remember  that  calcium  oxide  is  converted  by 
slaking  into  calcium  hydrate,  a  substance  two  or  three 
times  its  bulk,  we  cannot  fail  to  see  that  the  development 
of  this  slaking  action  in  a  cement-paste  which  has  already 
begun  to  set,  must  be  injurious  and  must  at  the  very  least 
lessen  its  ultimate  strength,  while  in  extreme  cases  it  may 
prove  disastrous. 

The  effects  of  properly  air-slaking  Portland  cement  are 
(1)  retardation  of  the  time  of  setting,*  (2)  increase  of 
strength,  (3)  lessening  or  the  total  loss  of  any  tendency  to 
"  blow,"  (4)  diminution  of  expansion  in  setting,  and  (5)  in- 
crease of  bulk  and  consequent  decrease  of  weight  per 
bushel. 

Stoking. — A  clause  is  frequently  inserted  in  specifications 
to  the  effect  that  the  cement  must  be  stored  in  bulk  for  a 
certain  length  of  time  in  a  suitable  room.  Some  cements 
naturally  require  longer  time  for  "  purging  "  or  air-slaking 
than  others,  as  they  contain  more  quicklime ;  and  some 
cements  are  purged  to  a  considerable  extent  by  the  manu- 

*  Occasionally  a  cement  which  is  slow-setting  when  freshly  ground 
becomes  quick  setting  after  storage,  but  in  such  cases  it  will  general- 
ly be  found  that  the  cement  contains  gypsum,  which  has  been  added 
to  retard  the  setting. 
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facturers  before  they  are  put  into  bags  or  barrels,  and  con- 
sequently may  require  little  or  no  purging  after  their  arrival 
at  the  works. 

As  we  have  already  explained,  Portland  cement  ought 
not  to  be  used  quite  fresh,  but  opinions  differ  as  to  the 
length  of  time  which  it  ought  to  be  kept  before  being  used. 
An  extremely  fine  cement  theoretically  requires  no  exposure 
at  all.  A  good  cement  should  be  sufficiently  air-slaked  by 
an  exposure  of  from  one  to  three  weeks.  It  is  not  enough 
to  keep  the  cement  in  bags  or  barrels  for  that  length  of 
time,  but  it  must  be  emptied  upon  a  wooden  or  damp-proof 
concrete  floor  in  a  dry  building,  to  a  depth  of  2  ft.  or  3  ft., 
and  allowed  to  remain  there  for  the  specified  time,  being 
occasionally  turned  over.  Even  cement,  which  has  been 
kept  in  bags  for  months,  ought  to  be  stored  in  bulk  before 
being  used. 

Great  care  must  be  exercised  that  the  cement  is  not 
stored  in  a  damp  place,  such  as  a  cellar,  or  on  a  floor  of 
flags  or  other  material,  between  the  joints  of  which,  or 
through  which,  moisture  can  easily  rise,  as  this  moisture 
attacks  the  cement  and  causes  it  to  set  into  hard  "  cakes," 
which  are  almost  as  worthless  as  so  many  lumps  of  lime- 
stone. Cement,  exported  to  a  warm  and  moist  country, 
has  become  lumpy,  even  though  it  has  been  carefully 
packed  and  kept  in  paper-lined  barrels,  and  concrete  made 
from  it  has  proved  a  failure.  Exposure  to  heat  is  also 
detrimental  to  cement. 

There  is  a  limit  beyond  which  cement  ought  not  to  be 
kept,  but  it  is  impossible  to  lay  down  any  hard-and-fast 
rule,  as  the  limit  will  vary  according  to  the  nature  of  the 
cement  and  the  manner  of  storage.  The  coarser  the  cement 
the  longer  the  exposure  which  is  required. 

Where  a  test  for  soundness  is  specified,  there  is  not  so 
much  necessity  for  specifying  that  the  cement  shall  be  stored 
in  bulk  for  a  definite  period  ;  because,  if  the  cement  be  un- 
sound when  fresh,  it  of  course  falls  short  of  the  specifica- 
tion, and  can,  therefore,  be  rejected.  The  contractor  will  in 
this  case  be  only  too  glad  to  render  it  sound,  if  that  can  be 
done  by  storing  it  in  bulk  for  a  few  weeks. 


PORTLAND   CEMENT:  EXPANSION,   ETC.  83 


Where,  however,  no  test  for  soundness  is  specified,  the 
proper  storage  of  the  cement  in  bulk  (not  in  bags  or  barrels) 
for  some  weeks,  must  be  required.  The  contractor  may  try 
to  evade  this  demand,  but  it  must  be  insisted  on,  even 
when  the  cement  has  been  obtained  from  a  manufacturer  of 
good  reputation,  whose  name  may  have  been  mentioned  in 
the  specification.  Otherwise  the  best  results  will  not  be 
obtained. 

Expansion  and  Contraction. — With  respect  to  the 
expansion  and  contraction  of  cement  during  hardening, 
Mr.  Grant,  in  his  paper  in  1880,  gave  the  inferences 
which  he  had  drawn  from  the  experiments  of  Messrs.  Dycker- 
hoff  and  others.  They  were  : — "  1.  That  all  cements  ex- 
pand more  or  less  when  hardening  in  water ;  2.  That  the 
expansion  of  good  cement  is  so  very  slight  that  in  practice 
it  need  hardly  be  taken  into  consideration ;  3.  That  it  is 
greatest  when  the  increase  of  strength  is  most  active ; 

4.  That  it  diminishes  in  proportion  to  the  addition  of  sand ; 

5.  That  it  is  greatest  with  new  cement,  and  least  with  that 
which  has  been  kept  in  stock ;  6.  That  it  is  increased  by 
the  addition  of  gypsum ;  7.  Further  experiments  prove  that 
it  is  greatest  with  over-limed  or  lightly-burnt  cements,  and 
that  all  cements  contract  when  drying,  and  expand  on  being 
put  into  water." 

The  experiments  by  Messrs.  Dyckerhoff,  to  which 
Mr.  Grant  referred,  were  made  on  twelve  varieties  of 
cement,  at  the  ages  of  1,  4,  13,  26,  39,  and  52  weeks; 
prisms  10  centimetres  long  (=3*97  ins.)  and  5  centimetres 
square  were  placed  in  water,  and  their  expansion  was  noted 
in  millimetres.  The  results  showed  that  a  bar  of  good  air- 
slaked  cement  and  sand  (1  to  3)  had  expanded  only  -gow 0" 
of  its  length  in  a  year;  in  other  words,  a  bar  1000  ins.  long 
(83*3  ft.)  would  be  only  -35  of  an  inch  longer  at  the  end  of 
a  year.  The  addition  of  2  per  cent,  of  gypsum  seemed  to 
double  the  amount  of  expansion,  while  the  addition  of 
5  per  cent,  increased  it  about  twelve-fold. 

No  harm  can  be  done  by  the  moderate  amount  of  expan- 
sion which  ordinary  cement  concrete  undergoes  in  the  pro- 
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cess  of  hardening,  as  in  practice  the  force  of  expansion  will 
be  resisted  by  the  dead  weight  of  walls  or  ground  or  other 
material  against  which  the  concrete  abuts,  and  the  result 
will  be  the  compression,  to  a  slight  extent,  of  the  concrete. 

This  expansion  during  hardening  must  not  be  confounded 
with  the  expansion  and  contraction  due  to  changes  of  tem- 
perature. The  cracks,  which  occur  in  badly-laid  paving, 
and,  sometimes,  in  walls  of  great  length,  are  most  frequently 
due  to  the  effects  of  heat  and  cold,  and  can  be  prevented 
by  a  little  forethought.  All  materials  are  subject  to  varia- 
tion under  changes  of  temperature,  and  it  is  the  duty  of 
the  architect  and  engineer  to  take  note  of  such  variation, 
and  to  counteract  its  ill  effects.  Special  joints  are  required 
to  allow  for  the  expansion  and  contraction  of  large  iron 
roofs  and  bridges,  and  it  is  no  reason  for  decrying  concrete 
if  somewhat  similar  precautions  have  to  be  adopted  to  keep 
it  free  from  defects. 

The  actual  amount  of  the  expansion  and  contraction  of 
concrete,  caused  by  changes  of  temperature,  has  not  often 
been  tested.  Mr.  Thaddeus  Hyatt  found  that  neat  Port- 
land cement  had  "a  lineal  expansion  of  -00137  for  180 
degrees  of  heat  as  compared  with  *0014  for  wrought  iron, 
a  result  so  near  that  the  expansion  may  be  considered  to  be 
the  same."* 

Specifications. — The  variety  of  specifications  for  Port- 
land cement  is  somewhat  bewildering.  We  have  already 
mentioned  Mr.  Gostling's  list  of  twenty-one  specifications, 
almost  all  different,  but  Portland  cement  is  now  better 
understood,  and  specifications  ought  not  to  differ  to  the 
extent  they  did  a  dozen  years  ago.  It  is  not  possible,  of 
course,  to  formulate  a  specification  which  shall  be  suitable 
for  all  circumstances ;  for  instance,  in  the  great  majority  of 
cases  a  slow-setting  cement  will  be  most  useful,  but  there 
are  cases  where  a  quick-setting  cement  is  quite  necessary, 
such  as  foundations  in  running  water,  underpinning,  &c. 
Some  important  characteristics  of  cement, — namely,  its 

*  "  Experiments  with  Portland  Cement  Concrete  combined  with 
Iron,"  p.  19. 
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fineness  and  soundness,  need  not  vary,  and  the  tensile 
strength  need  vary  only  for  those  works  where  quick-setting 
cement  is  required.  Briquettes  of  neat  quick-setting  cement 
may  be  specified  to  give  higher  results  at  early  dates  (three 
and  seven  days)  than  those  made  from  slow-setting,  but 
lower  results  at  later  dates. 

The  German  standard  regulations,  among  other  things, 
require  that  the  cement  shall  be  thoroughly  sound, — that 
a  thin  pat  of  neat  cement  which,  after  setting  on  glass,  is 
placed  in  water,  shall  not  crack  at  the  edges, — that  not 
more  than  10  per  cent,  of  it  shall  remain  on  a  sieve  with 
5,806  meshes  to  the  square  inch  (the  thickness  of  the  wire 
being  equal  to  half  the  width  of  the  meshes),  and  that 
cements  requiring  more  than  half  an  hour  to  set,  made  into 
briquettes  with  three  parts  by  weight  of  standard  sand, 
and  tested  after  being  one  day  in  air  and  twenty-seven  days 
in  water,  shall  have  a  tensile  strength  of  227*5  lbs.  per 
square  inch,  and  a  compressive  strength  of  2,275  lbs.  per 
square  inch. 

Mr.  Grant  in  1880  communicated  to  the  Institution  of 
Civil  Engineers  a  specification  based  on  the  German  standard 
regulations  then  in  force.  The  chief  requirements  of  this 
specification  may  be  summarised  thus  : — Fineness,  not  more 
than  [20  or  10]  per  cent,  residue  on  a  sieve  of  [6,400  or 
5,806]  meshes  to  the  square  inch;  tensile  strength,  at 
twenty-eight  days,  of  cement  gauged  with  three  times  its 
weight  of  dry  sand,  which  has  passed  a  sieve  of  400  and 
been  retained  upon  one  of  900  meshes  to  the  square  inch, 
to  be  [142  or  higher  number]  lbs.  per  square  inch  for 
cement  which  sets  when  neat  in  less  than  two  hours,  and 
[170]  lbs.  per  square  inch  for  cement  which  takes  from  two 
to  five  hours  to  set  neat. 

If  the  weight  and  tensile  strength  of  the  neat  cement  be 
specified,  Mr.  Grant  would  insert  the  following  clauses : — 
Weight,  not  less  than  112  lbs.  to  the  bushel ;  tensile  strength 
of  neat  cement,  at  least  400  lbs.  per  square  inch  at  the  end 
of  seven  days,  and  550  or  600  lbs.  after  twenty-eight  days, 
the  briquettes  being  one  day  in  air  and  the  rest  in  water. 
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Mr.  Grant  also  required  the  contractor  to  store  the  cement 
in  bulk  in  a  suitable  room  until  tests  had  been  made. 

Mr.  V.  de  Michele  considered  that  a  simpler  specification 
could  be  framed,  which  would  answer  the  purpose  quite  as 
well  as  the  one  proposed  by  Mr.  Grant.  He  suggested  : — 
"  1.  The  Portland  cement,  before  being  used,  to  stand 
300  lbs.  tensile  strain  per  square  inch  seven  days  after 
gauging;  the  average  of  not  less  than  three  breakings 
being  taken.  2.  The  cement  to  be  finely  ground,  leaving 
a  residue  not  exceeding  10  per  cent,  after  passing  a  sieve 
of  2,500  holes  per  square  inch.  3.  Pat  samples  J  in. 
thick,  made  at  frequent  intervals,  and  immersed  in  water 
within  one  hour,  to  show  no  cracks  from  expansion  within 
forty-eight  hours  after  gauging."  "  He  would  discard  the 
weight  per  bushel  test,  as  being  useless  and  misleading. " 

Mr.  Michele  subsequently  suggested  another  specification, 
which  will  be  found  in  the  Builder  for  April  2,  1892.  We 
reprint  it  here,  with  a  few  verbal  alterations,  so  that  it  can 
be  more  easily  compared  with  his  specification  of  1880  : — 
"  1.  Tensile  strength,  400  lbs.  per  square  inch  at  seven 
days  ;  the  test  bricks  to  be  gauged  by  a  skilled  man,  with 
any  quantity  of  water,  in  any  way  he  likes ;  the  average  of 
three  to  be  taken,  which  shall  represent  about  100  tons  or 
less  :*  the  strain  to  be  applied  as  quickly  as  possible. 
2.  Fineness,  10  per  cent,  residue  on  a  50  sieve  (2,500 
meshes  to  the  square  inch)  made  of  wire  one-hundredth  of 
an  inch  in  diameter;  shaking  to  be  continued  until  no 
more  of  the  cement  passes  through  the  sieve.  3.  Sound- 
ness, pats  one-eighth  of  an  inch  thick,  gauged  on  glass, 
immersed  in  water  immediately,  and  left  there  for  the 
whole  period,  must  be  absolutely  sound  at  seven  days ;  one 
pat  to  be  made  for  each  three  bricks." 

It  will  be  noticed  that  the  second  specification  demands 
one-third  more  strength  than  the  first,  and  requires  pats  to 
be  \  in.  thick  instead  of  \  in.,  to  be  immersed  immediately, 
and  to  remain  in  water  seven  days  instead  of  two;  the 


*  Of  cement. 
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latter  specification  is  undoubtedly  better  than  the  earlier 
one,  but  is  not  .as  stringent  as  many  recent  specifications, 
of  which  the  following  summary  of  one  submitted  to  the 
Society  of  Engineers  will  serve  as  an  example  : — 

Fineness  of  Grinding. — The  residue  on  a  No.  50  standard 
sieve  to  be  not  more  than  \  per  cent,  by  weight,  on  a  No. 
76  sieve  not  more  than  5  per  cent.,  and  on  a  No.  100  sieve 
not  more  than  12  per  cent. 

Time  of  Set.—  A  pat  of  neat  cement  gauged  with  the 
minimum  of  water  at  60°  Fahr.  and  placed  on  glass  or 
other  non-porous  slab  shall  not  commence  to  set  in  less  than 
8  minutes  or  take  longer  than  5  hours  to  set  hard. 

Soundness. — A  pat  submitted  to  moist  heat  and  warm 
water  in  the  Faija  apparatus  at  110°  and  120°  Fahr. 
respectively,  shall  show  no  cracks  or  signs  of  expansion  after 
24  hours. 

Tensile  Strength. — Briquettes  of  neat  cement  gauged  with 
the  minimum  of  water  on  a  non-porous  bed  and  placed  in 
water  24  hours  after  gauging,  shall  carry  an  average 
tensile  strain  of  not  less  than  350  lbs.  per  sq.  in.  at  3  days, 
450  lbs.  at  7  days,  and  550  lbs.  at  28  days. 


CHAPTER  VIII. 


ANALYSES  OF  HYDEAULIC  LIMES  AND  CEMENTS,  AND 
THEORIES  OF  INDURATION  (Table  XII.). 

Analyses  of  Limes  and  Cements. — It  has  been  already 
stated  that  hydraulic  limes  (with  the  exception  of  mag- 
nesian  limes)  and  cements  (with  the  exception  of  plaster  of 
Paris  and  allied  cements),  depend  for  their  hydraulicity  on 
the  mixture  of  lime  and  clay  from  which  they  are  produced, 
and  that  the  proportion  in  which  these  ingredients  exist, 
has  a  great  influence  on  the  value  of  the  lime  or  cement. 
But  the  value  does  not  depend  entirely  on  the  composition 
of  the  raw  material,  for  hydraulic  limes  may  be  calcined 
from  material  containing  from  8  to  20  or  even  30  per  cent, 
of  clay,  and  Roman  and  similar  cements  from  material 
containing  25  to  even  40  per  cent.,  while  Portland  cement, 
the  most  valuable  of  all,  hovers  in  composition  between  the 
two,  containing  in  the  raw  state  from  23  to  28  per  cent,  of 
clay. 

From  this  it  is  evident  that,  while  clay  possesses  the 
power  of  rendering  lime  and  cement  "  hydraulic,"  and 
while,  roughly  speaking,  increasing  quantities  of  clay 
confer  increasing  rapidity  of  set,  yet  other  considerations, 
besides  this  of  mere  quantity,  affect  the  real  value  of  the 
product.  Chief  of  these,  are  the  degree  and  the  duration 
of  the  heat,  to  which  the  raw  materials  are  subjected  in 
the  kiln,  and  the  presence  of  iron  or  other  substances 
which  act  as  "  fluxes "  and  which,  if  present  in  excess, 
cause  the  fusion  or  vitrification  of  the  material  at  a  heat 
less  than  that  required  for  the  production  of  the  best 
Portland  cement  clinker.    Greater  heat  is  required  in  the 
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manufacture  of  Portland  cement  than  of  the  others,  and  it 
is  only  by  this  means  that  the  proper  chemical  changes,  on 
which  the  peculiar  value  of  the  cement  depends,  can  take 
place.  If  the  calcination  of  Portland  cement  material  were 
only  carried  to  a  certain  point,  a  hydraulic  lime  would  be 
the  result.  Roman  and  similar  cement-stones  fuse  at 
temperatures  below  that  required  for  Portland  cement. 

The  preceding  table  gives  analyses  of  various  limes  and 
cements,  and  it  will  be  noticed  that  the  Barnstone  Blue 
Lias  lime  and  the  Portland  cement  No.  10,  are  very  similar 
in  composition.  The  small  proportion  of  lime  in  the 
natural  cements  and  the  slag  cement,  may  also  be  observed. 

It  does  not  appear  to  be  very  clearly  understood  what 
part  each  constituent  plays  in  the  setting  of  lime  and 
cement.  The  lime  and  silica  undoubtedly  play  the  most 
important  part,  but  the  action  of  the  rest  is  still  somewhat 
obscure.  Knapp,  a  German  writer,  considered  that  iron  and 
alumina  are  only  of  indirect  service,  but  that  soda  and 
potash,  which  combine  with  silicic  acid  to  form  silicates  of 
soda  and  of  potash,  and  are  in  that  form  soluble  in  water, 
act  as  "  transferrers  of  silicic  acid  to  the  lime."  Sulphuric 
acid,  whether  added  in  the  form  of  acid  or  of  gypsum 
(sulphate  of  lime),  has  the  effect  of  retarding  the  setting,  but 
in  excess  it  is  injurious;  so  injurious,  indeed,  is  it  considered 
in  France,  that  any  Portland  cement  which  contains  more 
than  \\  per  cent,  of  it  is  condemned  without  further 
testing.  Magnesia  is  another  ingredient  which  has  been 
loudly  spoken  against,  its  presence  in  Portland  cement 
being  said  to  result  in  the  ultimate  destruction  of  the  latter 
if  placed  in  the  sea;  the  case  against  it  has  not  been 
proved,  and  has  probably  been  overstated. 

Effects  of  Calcination. — The  moisture  contained  in  the 
raw  materials  is  rapidly  driven  off  in  the  kiln,  and  the  car- 
bonic acid  gas  forming  part  of  the  chalk  or  limestone  is 
also  quickly  expelled ;  so  far,  the  results  of  calcination  are 
similar  to  those  produced  in  the  calcination  of  fat  lime. 
But  hydraulic  limes  and  cements  contain  clay  and  other 
ingredients,  and  all,  or,  at  any  rate,  most,  of  these  are 
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affected  by  calcination.  The  reactions  which  take  place 
are  even  now  only  imperfectly  understood.  It  appears 
that  the  clay  is  split  up  into  its  component  parts,  namely, 
silica  and  alumina,  at  an  early  stage  of  the  burning,  and 
that  the  calcium  oxide  or  quicklime,  remaining  after  the 
expulsion  of  the  carbonic  acid  gas,  combines  with  these  to 
form  silicates  and  aluminates  of  lime,  the  exact  nature  and 
value  of  which  depend  upon  the  proportion  which  the 
several  components  of  the  raw  material  bear  to  one  another, 
and  upon  the  temperature  at  which  they  are  burnt,  and, 
further,  upon  the  duration  of  the  burning. 

Theories  of  Induration. — One  of  the  earliest  theories 
of  the  setting  and  hardening  of  cement  was  that  of  Petten- 
kofer,  published  about  1850.  He  considered  that  calcina- 
tion should,  at  a  moderate  temperature,  convert  the  calcium 
carbonate  into  calcium  oxide,  and  at  a  high  temperature 
should  effect  "  a  chemical  combination  of  silicic  acid  with 
alumina,  iron,  and  the  alkalies,  the  silica  being  by  this 
means  protected  from  at  once  combining  with  the  lime,  but 
made  available  for  future  chemical  action  under  changed 
conditions  brought  about  on  the  addition  of  water."  When 
water  is  added,  the  silicic  acid  is  freed  from  the  combina- 
tions effected  by  calcination,  and  combines  with  the  hydrate 
of  lime  (into  which  the  water  has  converted  the  calcium 
oxide)  to  form  silicate  of  lime ;  this  "  partially  decomposes 
the  other  silicates  of  alumina  and  iron  in  the  act  of  hydra- 
tion, forming  double  hydrated  silicates,  which  are  prac- 
tically insoluble."* 

Kriapp,  another  German  writer,  declared  that  a  portion 
of  the  calcium  oxide  formed  during  calcination  reacts  upon 
the  clay  and  converts  it  into  a  compound  easily  decom- 
posed by  acids.  This  compound  and  the  excess  of  calcium 
oxide,  when  water  is  added,  react  upon  each  other  in  such 
a  manner,  he  says,  "  that  a  solid  stone-like  silicate "  is 
produced.* 

*  Proceedings  of  the  Inst,  of  C.  E,,  1879-80,  vol.  lxii.,  paper  No. 
1,649,  by  Messrs.  Scott  and  Redgrave. 
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Another  authority, — to  wit,  Mr.  Guthrie,  Demonstrator 
of  Chemistry  at  the  Sydney  University, — states  that  at  a 
comparatively  low  temperature  the  lime  is  converted  into 
silicate  of  lime  ;  and  that  a  high  temperature  induces  the 
formation,  in  addition  to  this,  of  aluminate  of  lime,  and 
finally  of  a  double  silicate  of  alumina  and  lime.  This 
double  silicate,  and  also  the  aluminate  of  lime,  on  the 
addition  of  water  form  hydrated  silicates  and  aluminates, 
which  set  by  crystallising. 

A  French  mining  engineer,  M.  Le  Chatelier,  has  pub- 
lished the  conclusions  at  which  he  arrived  after  making 
numerous  experiments  with  silica,  alumina,  and  lime.  A 
short  account  of  these  will  be  found  in  The  Engineer  for 
Sept.  and  Oct.  1888,  and  in  The  Builder  for  July  6,  1889. 
M.  Le  Chatelier  discovered  that  the  only  combination  of 
silica  and  lime,  which  will  "  set "  on  the  addition  of  water, 
is  the  tri-calcium  silicate,  i.e.,  Si02  +  3CaO  ;  this,  how- 
ever, cannot  be  produced  by  simply  burning  these  sub- 
stances together,  and  it  is  therefore  probable  that  its 
formation  in  cement-clinker  is  brought  about  by  the 
influence  of  some  other  ingredients  of  the  cement,  perhaps 
iron  and  alumina  or  the  alkalies.  The  following  equation 
expresses  the  chemical  changes,  which  take  place  on  the 
addition  of  water  to  this  tri-calcium  silicate  : — 

2  (Si02,  3CaO)     +     9H20  = 
tri-calc.    silicate  water 

2  (Si02,  CaO),  5H20     +  4CaH202. 
hydrated  calcium  silicate         calcium  hydrate. 

The  hydrated  silicate  of  lime  thus  formed,  is  dissolved 
by  the  water,  which  becomes  super-saturated,  and  conse- 
quently crystallisation  suddenly  occurs,  the  lime  being 
deposited  "  in  extremely  attenuated  fibre-like  prisms,  .... 
united  by  one  extremity  to  a  central  point  so  as  to  form 
little  spherical  groups."  Thus  the  changes  are  "  the 
chemical  one  of  hydration,  and  the  physical  ones  of  solu- 
tion, super-saturation,  and  crystallisation." 

With  reference  to  alumina,  M.  Le  Chatelier  discovered 
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that  several  different  combinations  of  this  substance  and 
lime  "set  like  plaster  when  pulverised  and  mixed  with 
water,  but  all  decompose  in  excess  of  water,  and  when  the 
excess  is  considerable,  they  may  be  completely  dissolved." 
In  the  presence  of  free  hydrate  of  lime,  however,  a 
hydrated  aluminate  of  lime  (A1203,  4CaO,  12H20)  may 
be  formed,  which  soon  crystallises  in  a  similar  manner  to 
the  hydrated  silicate  of  lime.  An  examination  of  the  fore- 
going equation,  representing  the  chemical  changes  which 
occur  on  the  addition  of  water  to  the  tri-calcium  silicate, 
shows  that  four  molecules  of  hydrate  of  lime  are  set  free 
on  the  formation  of  the  hydrated  silicate  of  lime,  and  it  is 
this  hydrate  of  lime  which,  according  to  Le  Chatelier, 
brings  into  action  the  tri-calcium  aluminate  in  the  cement. 
The  result  may  be  thus  expressed  :— 

A120„,  3CaO  +  CaH202  +  11H20  =  AlaOs> 
4CaO,  12H20. 

Dr.  Michaelis  recently  declared  that  "highly  silicious 
cements,  poor  in  alumina,  set  slowly,  sometimes  too  slowly; 
but  from  the  moment  of  setting  they  harden  with  energy, 
continue  to  increase  in  strength  for  a  long  time,  and  finally 
attain  the  highest  strength.  Cements  rich  in  alumina  set 
quickly,  sometimes  too  quickly,"*  but  can  be  made  slower- 
setting  by  the  addition  of  gypsum,  the  use  of  which,  says 
the  doctor,  has  been  wrongly  condemned. 

It  is  probable  that  the  action  of  slag  cement  may  throw 
some  light  on  that  of  Portland  cement.  Slag  itself  con- 
tains lime,  silica,  alumina,  and  other  substances,  in  varying 
proportions.  A  slag  suitable  for  conversion  into  cement 
may  contain,  say,  36  per  cent,  of  lime,  30  per  cent,  of 
silica,  and  23  per  cent,  of  alumina.  These  have  been  con- 
verted, in  the  enormous  heat  of  the  blast-furnaces,  into 
compound  silicates  of  lime,  alumina,  &c,  which  undergo 
little  or  no  change  on  the  addition  of  water :  they  are 
practically  inert.     But  when  ordinary   slaked   lime  in 

*  Proceedings  of  the  List.  C.  2&,  vol.  cvii.  (1891-2,  part  i.). 
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powder  is  mixed  with  the  ground  slag,  a  cement  is  formed 
which  sets  on  the  addition  of  water,  and  attains  great 
strength.  We  know  that  slaked  lime  (calcium  hydrate) 
does  not  set  in  water,  and  the  ground  slag  itself  has 
no  hydraulic  properties;  it  is  evident  therefore,  that  the 
setting  must  be  due  to  a  reaction  between  these  substances. 
This  seems  to  point  to  Knapp's  theory  as  the  correct  one, 
but  not  conclusively,  for,  as  Mr.  G.  R  Redgrave  has  stated, 
it  is  possible  that  the  intense  heat  of  the  blast-furnace  may 
result  in  the  formation  of  compounds  quite  different  in 
their  action  from  those  formed  in  the  lower  temperature  of 
a  Portland  cement  kiln. 

Experiments  by  M.  Perrodil,  published  in  the  Annates 
des  Fonts  et  Chausse'es,  1884,  seem  to  show  that  Portland 
cement  which  is  allowed  to  harden  in  the  air,  absorbs  car- 
bonic acid  gas  from  the  atmosphere  to  the  extent  of  about 
6  per  cent,  in  the  first  six  months,  while  cement  immersed 
in  water  remains  free  from  it.  The  briquettes,  kept  in 
water,  and  therefore  free  from  carbonic  acid  gas,  offered 
about  twice  as  much  resistance  to  compression  as  the 
others,  between  the  ages  of  one  and  six  months;  but  this, 
we  may  say,  is  an  abnormal  difference, 

Many  modern  cements  contain  a  greater  proportion  of 
lime  than  those  described  in  Table  XII. , — that  is  to  say, 
from  62  to  nearly  63  per  cent., — while  the  soluble  silica  is 
about  21*5  per  cent.,  and  the  alumina  and  oxide  of  iron 
together  from  10*7  to  11  per  cent. 


CHAPTER  IX. 


WATER. 

Action — Insufficiency  and  excess — Quantity  required  —  Effect  of 
quantity  on  (1)  the  density  of  concrete,  and  (2)  the  strength  of 
concrete — Loss  by  absorption,  &c. — Concrete  deposited  in  water 
— Impurity  of  water  and  its  effects — Sea- water — Warm  water. 

Action. — Water  is  necessary  for  the  setting  and  harden- 
ing of  hydraulic  limes  and  cements.  It  does  not  form  a 
merely  mechanical  mixture  with  these  in  the  way  it  does 
with  pure  hydrate  of  lime,  but  it  unites  chemically  with 
them,  as  we  have  already  seen,  forming  new  compounds  of 
an  indurating  nature. 

Insufficiency  and  Excess. — It  is  evident,  therefore, 
that  the  quantity  of  water  added  to  cement  or  hydraulic 
lime  is  of  no  little  importance.  If  too  little  be  used,  some 
of  the  lime  and  cement  remains  more  or  less  in  the  form  of 
powder  and  cannot  attain  to  that  strength  for  which  it  was 
intended ;  and  the  mortar  or  concrete  is  pervious  to  mois- 
ture, and  therefore  more  liable  to  destruction  by  frost  and 
atmospheric  agencies.  On  the  other  hand,  there  is  no 
doubt  that  an  excess  of  water  is  injurious  to  the  strength 
of  the  cement,  whether  neat  or  mixed  with  sand.  The 
water  is  scattered  in  little  globules  throughout  the  paste 
and  around  these  the  cement  sets;  gradually  the  water 
evaporates,  and  on  the  briquette  being  broken,  little 
globular  cells,  in  which  the  water-drops  had  lain,  are  dis- 
closed, and  are  seen  at  once  to  be  a  source  of  weakness. 
Excess  of  water  also  retards  the  hardening  of  the  concrete, 
and  there  is  the  further  danger  that  it  may  wash  away 
some  of  the  finest  and  best  particles  of  the  cement  during 
the  operation  of  mixing  with  sand  and  other  material. 
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Quantity  Required. — We  have  already  seen  (page  63), 
that  from  18  to  25  per  cent,  (by  weight)  of  water  is  used 
in  making  briquettes  of  neat  Portland  cement,  while,  for 
briquettes  of  cement  and  sand,  the  weight  of  water  must 
be  a,bout  10  per  cent,  of  the  combined  weight  of  the  two 
dry  ingredients.  This  10  per  cent,  by  weight  is  equivalent 
to  about  12*5  per  cent,  by  volume,  or,  in  other  words,  one 
volume  of  water  to  eight  volumes  of  cement  and  sand. 
But  we  must  remember  that  this  is  for  making  briquettes 
in  laboratories,  where,  it  may  be  expected,  no  water  will  be 
allowed  to  run  to  waste  or  be  lost  by  evaporation,  and 
where  none  will  be  absorbed  by  any  surfaces  with  which 
the  briquettes  come  in  contact.  This  is  very  different 
from  the  conditions  which  obtain  in  practice,  where  water 
may  drain  away  from  foundations  into  the  ground,  or  drip 
through  the  centring  of  floors,  or  be  evaporated  by  the 
heat  of  the  sun,  or  dried  by  passing  winds. 

It  is  now  generally  conceded  that  it  is  better  to  use  too 
much  water  than  too  little,  but  it  is  best,  of  course,  to  use 
the  right  quantity,  neither  more  nor  less.  Mr.  E.  C.  Clarke 
thinks  that  Portland  cement  concrete  requires  from  21  to 
23  gallons  per  cubic  yard.  Mr.  A.  E.  Carey  said  at  the 
Institution  of  Civil  Engineers  (1891)  that  he  had  obtained 
the  best  results  by  using  about  22  gallons  of  water  per 
cubic  yard  of  raw  materials,  or  about  1  part  by  volume  to 
7 J  or  8  parts,  "less  than  this  not  securing  that  glassy  film 
upon  the  surface  of  work  which  is  so  desirable,  and,  more 
than  this,  washing  away  some  portion  of  the  soluble  alumina 
silicates  [sic]  which  are  the  active  ingredients  in  concretion." 
The  quantity  recommended  by  Mr.  Clarke  and  Mr.  Carey  is 
practically  identical  with  the  quantity  required  in  making 
briquettes,  and  leads  us  to  imagine  that  they  refer  only  to 
concrete  deposited  in  wet  or  moist  situations,  such  as  works 
in  the  sea,  or  to  concrete  carefully  protected  after 
deposition. 

Mr.  H.  K.  Bamber  says  that  good  cement  requires  for  its 
thorough  induration  40  lbs.  (i.e.,  4  gallons)  of  water  per 
cubic  foot.    If  we  take  the  weight  of  such  a  cement  at 


QUANTITY  OF  WATER. 


97 


112  lbs.  per  bushel,  or  87  lbs.  per  cubic  foot,  it  will  be 
seen  that  he  advocates  the  use  of  46  per  cent,  (by  weight) 
of  water  with  cement.  This  is  so  much  in  excess  of  any 
other  quantity  which  we  have  seen  advocated  for  neat 
cement  that  we  think  he  must  refer  to  cement  when  used 
in  concrete  with  materials  which  are  of  an  absorbent 
nature. 

Effect  of  Quantity  on  the  Density  of  Concrete. — 
Some  experiments  made  by  Mr.  Bamber  in  1889  and  1890 
are  of  considerable  interest  in  this  connexion.*  He  made  six 
blocks  of  concrete,  all  consisting  of  one  part  new  Portland 
cement,  2  parts  sand,  and  4  parts  shingle.    Two  of  these 

(A)  were  made  with  the  "  full  quantity  of  water  that  the 
cement  would  take  up,"  namely,  10  lbs.  ;  two  (B)  were 
made  with  7 \  lbs.  of  water ;  and  two  (C)  with  only  5  lbs. 
They  were  allowed  to  harden  for  two  weeks  before  being 
disturbed.  At  the  end  of  this  period,  one  block  of  each 
kind  was  placed  on  a  sea-wall,  in  such  a  position  that  they 
were  covered  and  uncovered  by  the  sea  at  every  tide. 
After  remaining  there  for  a  year,  they  were  removed  and 
broken  through  the  middle.  The  block  (A)  was  "  very  hard 
and  perfectly  sound  and  dry  quite  through  to  the  surface;" 

(B)  was  "dry  in  the  middle,  but  on  every  side  the  water 
had  penetrated  about  3  in.  and  had  much  weakened  the 
block  ;  "  (C)  was  "  wet  quite  through,  and  was  very  easily 
broken  up,  the  water  having  been  able  to  percolate  continually 
through  the  block,  and  having  dissolved  much  of  the  lime." 

The  other  three  blocks  were  kept  in  fresh  water  for 
twelve  months  "  with  exactly  similar  results  as  to  penetra- 
tion of  water  and  strength  of  blocks,"  but  the  water  in 
which  block  (A)  was  immersed  "remained  clear,"  that 
containing  (B)  "  became  milky  and  turbid  from  the  forma- 
tion of  carbonate  of  lime,"  and  that  containing  (C)  "became 
quite  white,  and  ....  the  whole  block  was  covered  with 
crystals  of  carbonate  of  lime,  \  in.  to  J  in.  in  thickness. 
The  lime  had  been  gradually  dissolved,  and  crystallised  on 
the  surface  in  the  form  of  carbonate  of  lime." 

*  Proceedings  of  the  Inst.  C.  E.,  vol.  cvii.  (1891-2),  part  i. 


98 


CONCRETE. 


Another  experiment,  which  Mr.  Bamber  made,  corroborates 
the  foregoing  results.  A  box  measuring  18  ins.  each  way 
and  containing,  therefore,  5,832  cubic  inches,  was  com- 
pletely filled  by  the  mass  of  concrete  which  resulted  from 
the  mixing  of  the  following  ingredients  : — 1,296  cubic  inches 
Portland  cement,  2,592  cubic  inches  sharp  sand,  5,184  cubic 
inches  shingle,  and  30  lbs.,  or  829  cubic  inches  water. 
These  ingredients,  not  including  the  water,  have  an 
aggregate  measurement  of  9,072  cubic  inches,  but  on  being 
mixed  together  the  voids  in  the  larger  material  were  filled 
by  the  smaller  to  such  an  extent  that  a  shrinkage  of  3,240 
cubic  inches  took  place.  Exactly  the  same  quantities  of 
cement,  sand,  and  shingle  were  mixed  with  15  lbs.,  or  415 
cubic  inches,  of  water,  with  the  surprising  result  that  the 
box  would  only  contain  seven-eighths  of  the  mixture ;  in 
other  words,  the  ingredients,  on  being  mixed  together, 
shrank  only  about  2,407  cubic  inches.  The  voids  or 
interstices  in  the  latter  concrete  therefore  exceeded  those  in 
the  former  by  about  833  cubic  inches. 

This  and  the  preceding  experiments  show  that  concrete 
mixed  with  its  full  quantity  of  water  is  more  dense,  and 
therefore  less  permeable  to  water,  than  concrete  made  with 
an  insufficient  quantity. 

This  conclusion  is  verified  by  French  experiments  \  M. 
Alexander  found  that  mortar  gauged  with  insufficient  water, 
set  more  rapidly,  was  more  porous,  and  offered  less  resist- 
ance to  the  action  of  sea-water,  than  mortar  gauged  with 
either  the  normal  or  an  excessive  quantity  of  water ;  an 
excessive  quantity  greatly  retarded  the  setting,  but  yielded 
eventually  the  full  measure  of  strength. 

Effect  of  Quantity  on  the  Strength  of  Concrete. — 
The  average  compressive  strength  at  the  age  of  28  days,  of 
\  \  inch  cubes  of  Portland  cement  and  normal  sand  (1  to  3), 
was  ascertained  by  Mr.  Carey  to  be  1,679  lbs.  per  sq.  in. 
when  20  per  cent,  of  water  was  used,  and  1,425  lbs.  when 
only  10  per  cent,  was  used.  The  strength  of  the  cubes 
containing  the  full  quantity  of  water  was  therefore  18  per 
cent,  more  than  that  of  the  other  cubes. 
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Loss  by  Absoeption. — But  it  does  not  follow  that  cement 
will  set  to  the  best  advantage,  even  when  the  right  quan- 
tity of  water  is  used  ;  for  in  many  cases,  no  precautions  are 
taken  to  prevent  the  loss  of  the  water  before  it  has  done 
its  work.  Much  Portland  cement  stucco  and  concrete  is 
ruined,  because  its  moisture  is  absorbed  by  the  dry  surfaces 
with  which  it  comes  in  contact,  or  is  evaporated  by  the  heat 
of  the  sun,  or  abstracted  in  other  ways.  One  instructive  in- 
stance of  this  will  suffice.  "  Some  Portland  cement  stucco  was 
one  day  applied  to  three  brick  walls  inside  a  room ;  on  one 
wall  with  the  greatest  success,  on  another  with  only  partial 
success,  whilst  on  the  last  it  was  an  utter  failure,  becoming 

perfectly  rotten  and  crumbling  away  The  simple 

explanation  was  that  the  wall  on  which  the  stucco  suc- 
ceeded best  was  quite  new  and  damp  ;  that  on  which  it 
partially  succeeded,  being  an  outer  wall,  was  slightly 
damp  ;  whilst  that  on  which  the  stucco  became  rotten,  was 
an  old  internal  wall,  and  of  course  quite  dry."* 

In  many  cases,  the  injurious  loss  of  moisture  by  evapora- 
tion is  prevented  by  covering  the  concrete  for  a  week  or 
more  with  a  shallow  pool  of  water,  or  with  a  layer  of  sand  or 
sawdust  kept  continually  moist,  or  with  straw,  sacks,  &c, 
which  protect  the  concrete  from  the  direct  action  of  the 
sun's  rays  and  of  wind. 

Again,  all  aggregates  are  more  or  less  absorbent,  and 
some  of  them,  especially  coke-breeze  and  the  like,  if  used 
dry,  greatly  injure  concrete  made  with  them  by  drawing 
from  the  mixture  the  water  necessary  for  the  proper  harden- 
ing of  the  cement.  In  order  to  prevent  this,  all  aggregates 
ought  to  be  moistened  before  being  made  into  concrete ; 
the  process  of  washing  the  aggregate  effects  this,  and  is, 
therefore,  most  useful  and  economical  when  carried  out 
immediately  before  the  aggregate  is  mixed  with  the  cement. 
This  proper  moistening  of  the  aggregate  is  a  matter  of  great 
importance. 

Conceete  deposited  in  Watee. — Table  I.  page  20 
showed  that  briquettes  of  various  hydraulic  limes  and  sand 

*  The  Architect,  Sept.  20,  1873. 
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kept  in  water  (after  having  set  in  air),  were  from  30  to 
105  per  cent,  stronger  than  similar  briquettes  kept  in  air, 
while  the  strength  of  Portland  cement  was  approximately 
the  same  in  both  cases.  Concrete,  however,  deposited  in  water 
is  invariably  weaker  than  concrete  which  has  set  in  air. 

Impurity  of  Water  and  its  effects. — Mud  of  any  kind, 
held  in  suspension  by  the  water,  is  detrimental  to  the  con- 
crete made  with  it.  Mr.  Carey  found  that  briquettes  made 
with  a  certain  kind  of  cement,  mixed  with  20  per  cent,  of 
distilled  water,  required  three  hours  to  set,  and  at  the  end 
of  seven  days  had  an  average  tensile  strength  of  480  lbs. 
per  sq.  inch,  wThile  other  briquettes,  similar  in  every  respect, 
except  that  1  per  cent,  (by  volume)  of  dried  and  finely- 
powdered  Thames  mud  was  mixed  with  the  water,  took 
four  hours  to  set,  and  broke  with  411  lbs.,  that  is  to  say, 
over  14  per  cent,  less  than  those  mixed  with  pure  water. 

Water  containing  organic  matter  is  also  more  or  less 
injurious,  and  consequently  green  and  stagnant  pools  ought 
not  to  be  used  for  mixing  in  concrete. 

But  not  only  is  mud  or  other  matter  held  in  suspension 
by  the  water  injurious  to  the  cement  writh  which  it  is 
mixed  ;  matters  dissolved  in  the  wrater  also  may  prove  harm- 
ful. Such  substances  as  sugar,  soda,  and  salt  are,  in  frosty 
weather,  sometimes  dissolved  in  the  water  used  for  making 
concrete,  either  for  the  purpose  of  lowering  the  freezing 
point  of  the  mixture  and  so  allowing  it  to  be  manipulated  at 
a  time  when  fresh  wrater  would  be  frozen  solid,  or  for  the 
purpose  of  preventing  or,  at  any  rate,  minimising  the 
damage  which  might  possibly  be  caused  to  the  concrete  by 
frost  coming  before  it  had  set  sufficiently.  Until  there  is 
more  information  on  the  subject,  we  shall  be  justified  in 
believing  that  Portland  cement  is  ultimately  strongest  when 
mixed  with  distilled  water  and  nothing  else ;  all  additions, 
whether  of  mud,  or  sand,  or  ordinary  aggregates,  or  of 
sugar,  salt,  or  other  dissolved  substances,  are  a  source  of 
weakness.  The  use  of  sugar,  however,  with  fat  limes,  and 
probably  with  hydraulic  limes  and  natural  cements,  is 
attended  with  advantage. 
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The  increase  of  strength  caused  by  adding  a  small 
quantity  of  sulphuric  acid  to  fat  and  hydraulic  limes  has 
already  been  shown  in  the  chapter  on  Selenitic  limes,  and 
the  effect  of  adding  it  to  Portland  cement  has  also  been 
mentioned. 

In  1891  Col.  Seddon  drew  attention  to  a  curious  instance 
of  the  destruction  of  a  concrete  foundation  by  a  spring  of 
water,  which  welled  up  under  it.  The  water,  which  was 
brackish  and  impregnated  with  red  oxide  of  iron,  affected 
the  lime  in  the  cement  and  was  affected  by  it,  so  that 
the  cement  would  not  set,  and  the  nature  of  the  water  was 
changed.  When  holes  were  cut  in  the  concrete,  the  spring- 
water  rapidly  filtered  up  into  them,  and,  instead  of 
being  reddish,  was  green  at  the  bottom  and  clear  at  the  top, 
and  both  "  smelt  and  tasted  strongly  of  sulphuretted 
hydrogen,  the  presence  of  which  was  also  proved  by 
chemical  analysis."  Even  blocks  of  good  concrete  (mixed 
with  sea-water),  when  placed  on  the  damp  rotten  foundation, 
soon  became  rotten  themselves. 

Experiments  were  then  made  by  Col.  Seddon,  with  the 
somewhat  curious  result  that  concrete  mixed  with  the 
spring-water  set  properly,  but  concretes  (varying  in  com- 
position from  1  cement  and  3  aggregate  to  1  cement  and  9 
aggregate),  mixed  with  the  green  water,  were  quite  rotten. 
The  rottenness  was  evidently  caused  by  the  action  of  the 
green  water  and  the  oxygen  of  the  air. 

Had  the  concrete  been  quite  impervious,  it  is  probable  (from 
experiments  by  Mr.  Dyckerhoff)  that  no  damage  would  have 
been  done  by  the  spring  of  water.  Cement-mortar,  which 
has  been  mixed  with  iron-water,  has  been  found  by  the 
writer  to  cause  the  formation  of  black  stains  on  ashlar, 
although  the  mortar  itself  has  apparently  remained  perfectly 
sound. 

Sea-water. — The  strength  of  Portland  cement  does  not 
differ  very  much  whether  it  be  gauged  with  fresh  water  or 
with  sea-water.  Apparently  the  sea-water  briquettes  are  the 
stronger  at  early  dates ;  but  after  a  few  months  the  fresh 
water  ones  take  the  lead,  and  continue  to  give  the  best 
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results.  It  must  be  said,  however,  that  experiments  are 
somewhat  contradictory  on  this  point. 

Mr.  M.  J.  Powers  in  America  has  tested  3,500  briquettes 
made  from  seven  kinds  of  cement,  with  the  object  of  ascer- 
taining the  influence  of  sea-water.  He  found  that  the 
strength  of  both  Natural  and  Portland  cements  mixed  with 
salt-water  was,  at  the  end  of  one  month,  30  per  cent,  more 
than  when  mixed  with  fresh  water,  but  this  gain  of  strength 
was  found  to  vanish  during  the  second  month  in  the 
natural  cements,  and  during  the  third  month  in  Portland 
cements  ;  thenceforth  the  fresh-water  briquettes  having  the 
advantage.  His  conclusions  are  that  "  there  can  be  no 
doubt  that  cement  mixed  with  sea-water  gains  considerably 
in  strength  during  the  first  few  weeks,  but  that  it  does  not 
hold  out  is  clearly  shown  by  these  results.  .  .  .  The 
gain  also  seems  to  be  greater  and  more  permanent  with  the 
Portland  than  with  the  natural  cements.  The  effect  of 
using  a  10  per  cent,  solution  seems  not  so  good  as  with  a  3 
per  cent,  solution." 

Some  experiments  by  Mr.  Carey  show  little  variation  in 
the  strength  of  Portland-cement  briquettes,  whether  gauged 
with — 1,  fresh  water ;  2,  half  distilled  water  and  half  sea- 
water  ;  3,  one-quarter  distilled  water  and  three-quarters  sea- 
water  ;  4,  sea-water,  25  per  cent,  evaporated  ;  5,  sea-water, 
50  per  cent,  evaporated.  The  greatest  difference  at  one 
month  was  3*2  per  cent.,  4  being  strongest ;  at  two  months 
4  per  cent.,  4  again  strongest;  at  three  months  26  per 
cent.,  5  being  strongest  and  4  weakest ;  at  six  months  35 
per  cent.,  1  strongest  and  4  weakest;  at  nine  months  8*2 
per  cent.,  5  being  strongest  and  4  weakest ;  and  at  twelve 
months,  27  per  cent.,  the  following  being  the  tensile 
strengths  in  lbs.  per  square  inch  at  this  date, — 1, — 678  ;  4, — 
605  ;  2,-592;  3,-575  ;  and  5, — 495.  It  will  be  seen  that 
the  fresh-water  briquettes  come  to  the  front  at  the  end  of 
a  year,  but  the  results  of  the  various  tests  are  so  strange 
and  irrational  that  we  cannot  attach  much  importance  to 
them.  The  tests  by  Mr.  Powers  are  more  likely  to  be 
accurate. 
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In  the  case  of  hydraulic  limes,  sea-water,  according  to 
M.  Alexander,  exerts  a  deteriorating  influence. 

Cement  gauged  with  sea-water  sets  more  slowly  than  with 
fresh  water.  Sea-water  has  the  advantage  of  having  a 
lower  freezing-point  than  fresh-water,  and  work  can,  there- 
fore, be  carried  on  with  it  at  times  when  fresh-water  would 
be  frozen.  It  ought  not,  however,  to  be  used  in  the  walls 
of  buildings  or  in  stucco,  as  it  has  the  property  of  attract- 
ing moisture,  and  of  causing  an  efflorescence  on  the  surface 
of  the  material  with  which  it  has  been  mixed.  Again,  sea- 
water  ought  not  to  be  used  in  concrete  which  will  come  in 
contact  with  ammonia,  as  in  the  paving  of  stables,  shippens, 
chemical  works,  &c.  But  for  foundations,  retaining  walls, 
and  similar  work  sea-water  may  be  used  instead  of  fresh,  if 
more  convenient. 

Warm  water. — Sometimes,  especially  in  winter,  warm 
water  is  used  for  concrete.  It  has  the  effect  of  causing  the 
cement  to  set  sooner,  and  for  that  reason  it  may  in  certain 
cases,  be  employed. 

Sewage. — Portland-cement  concrete  is  now  extensively 
used  for  sewers  and  sewage  tanks,  and  is  well  adapted  for 
these  purposes,  but  the  concrete  must  be  allowed  to  harden 
for  three  or  four  weeks  before  the  sewage  is  brought  into 
contact  with  it.  Strong  sewage  seriously  injures  new 
concrete  and  cement  mortar. 


CHAPTER  X. 


SAND. 

Importance — Effect — Definition  and  varieties  of  sand — Siliceous, 
Calcareous  (Table  XIII.),  and  Igneous  (including  puozzolana, 
trass,  &c.)— Characteristics  of  good  sand— (1)  Cleanliness,  (2) 
Coarseness  (Table  XIV.),  (3)  Sharpness,  (4)  Hardness,  and  (5) 
Durability — Substitutes  for  sand  (Table  XV.). 

Importance. — We  have,  at  some  length,  considered  the 
various  limes  and  cements  which  are  used  in  concrete. 
The  remaining  ingredients  now  call  for  notice,  and  at  the 
outset  we  must  say  that  the  disintegration  and  rottenness 
of  concrete  are  often  due,  not  to  the  lime  or  cement,  but  to 
the  aggregate.  An  instance  in  point  is  recorded  in  The 
Engineer  for  May  30,  1890  ;  about  a  thousand  concrete 
blocks,  which  had  been  made  for  the  Shillamill  Viaduct  on 
the  Plymouth,  Devonport,  and  S.-W.  Junction  Railway, 
were  perfectly  useless,  and  at  length  it  was  discovered  that 
the  sand  which  formed  part  of  the  concrete  contained 
mundic,*  a  mineral  washed  down  the  stream  from  an 
arsenic  mine,  and  this  had  totally  destroyed  the  setting- 
properties  of  the  cement.  Other  instances  could  be  quoted 
to  show  the  importance  of  the  aggregate. 

Effect. — The  addition  of  sand  to  cement-paste  has  two 
effects  :  it  weakens  the  mortar  and  retards  the  hardening 
of  the  cement,  both  in  air  and  in  water  (see  fig.  3,  p.  74). 
To  pastes  of  fat  and  feebly-hydraulic  limes,  however,  the  ad- 
dition of  a  certain  amount  of  sand  quickens  the  hardening  of 

*  Mundic  (known  also  as  "  iron-pyrites  ")  contains  parts  of 
iron  and  53 J  parts  of  sulphur  ;  the  injurious  effect  of  large  quantities 
of  sulphur  on  Portland  cement  has  been  already  shewn. 
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the  mortar  in  air,  and  increases  its  ultimate  strength,  but 
this  at  the  best  is  very  little.  The  more  hydraulic  the 
lime  or  cement  is,  the  less  is  the  advantage  of  adding  sand 
except  for  the  sake  of  economy.  Neat  cement  is  stronger 
in  every  way  than  any  mixture  of  cement  and  sand. 
Table  L,  p.  20,  shows  the  diminution  in  tensile  strength 
caused  by  mixing  increasing  quantities  of  sand  with  various 
limes  and  cements. 

Rule  for  Finding  Strength  of  Mortar. — An  empirical 
rule  for  finding  the  approximate  strength  of  different  kinds 
of  Portland-cement  mortar,  when  the  strength  of  the  neat 
cement  is  known,  may  be  expressed  thus  : — 

Ultimate  strength  \  ^  vol.  of  cement  + 1 
of  neat  cement  y      vols,  of  sand  +  2  ~~ 
ultimate  strength  of  mortar. 

Thus,  if  the  tensile  strength  of  a  neat  cement  be  1,000  lbs. 
per  square  inch  at  (say)  1 2  months,  the  strengths  of  mortars 
made  with  it  may  be  expected  to  be  as  follows  : — 

1  to  1  mortar 

1  to  2  „ 

1  to  3  „ 

The  rule  does  not  hold  good  for  mortars  containing  more 
than  6  or  7  volumes  of  sand. 

Definition  and  Varieties  of  Sand. — "  Sand  is,  in 
general,  a  loose  aggregation  of  water-worn  particles,  arising 
from  the  disintegration  of  pre-existing  rocks  or  other 
mineral  matter.  It  is  generally  composed  of  quartz-grains 
(quartz  being  one  of  the  hardest  of  simple  minerals,  and 
longest  resisting  the  processes  of  attrition) ;  but  it  may  also 
consist  of  the  particles  of  shells,  corals,  &c,  hence  such 
terms  as  shell-sand,  coral-sand,  iron-sand,  and  the  like. 


1,000  x  7-7-^  =  666  lbs.  per  sq.  in. 
1,000  x  |^  =  500  lbs. 
1,000  X*^  =  400  lbs. 


ro6 


CONCRETE. 


The  minute  particles  thrown  out  by  volcanoes,  and  pro- 
duced by  explosive  force  and  attrition,  are  spoken  of  as 
volcanic  sand."  * 

Siliceous  Sand. — The  sands,  most  commonly  employed 
in  mortar  and  concrete,  consist  of  quartz-grains,  but  are 
distinguished  as  "pit-sand,"  " river-sand,"  and  " sea-sand," 
according  to  their  origin.  The  two  last  names  refer  to  the 
sand  lying  in  the  present  river-beds  or  on  the  sea-shore, 
while  the  first  refers  to  sand  deposited  ages  ago  in  long- 
vanished  waters  and  now  forming  part  of  the  dry  land. 
Instead  of  these,  "  sands  "  crushed  from  different  kinds  of 
rocks  are  frequently  used. 

Calcareous  Sand. — Calcareous  sand  yields  somewhat 
better  mortar  than  siliceous  sand,  on  account  of  the 
chemical  affinity  of  the  former  with  the  constituents  of 
the  lime  or  cement.  In  all  probability,  also,  physical  as 
well  as  chemical  causes  contribute  to  the  advantage,  the 
siliceous  sand  being  as  a  rule  denser  and  smoother  than  the 
other. 

Experiments  have  been  made  by  Mr.  Charles  Colson  on 
mortars  composed  of  equal  parts  of  Portland  cement  and 
sand  of  different  kinds ;  the  results  are  given  in  the 
following  table : — 


Table  XIII.— Comparative  Value  of  Sands  (Porous 
and  N on- Porous), 


Nature  of  Sand. 

Tensile  Strength  at 
28  days  in  lbs.  per 
sq.  inch. 

Ratios. 

y»  „  (  Crushed  Portland  Stone  . 

POKOUSj  >f   

xt      t»^«™«  f  Crushed  Granite  ... 
NON-POEOUS|Sand+  

311-50 
298*60 
264-03 
241-22 

100 

96 
85 
77 

The  Portland  cement  used  in  the  foregoing  experiments 
had  a  tensile  strength,  neat,  of  438*11  lbs.  per  square  inch 


*  Dr.  Page's  "  Advanced  Text-Book  of  Geology." 

f  It  is  not  stated  whether  this  was  pit-sand  or  river-sand. 


IGNEOUS  SANDS,  ETC. 
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at  28  days,  and  the  result  is  in  each  case  the  average  of  56 
tests.  More  water  was  required  to  gauge  the  briquettes 
made  with  the  porous  "  sands  "  (crushed  Portland  stone 
and  crushed  brick),  than  with  the  non-porous  sands. 

Tests  by  Lieutenant  Innes  (Table  XV.,  p.  115)  also 
place  crushed  Portland  stone  before  sea-sand  and  pit-sand, 
and  tests  made  by  Mr.  Grant  on  the  crushing  strength  of 
concrete-blocks  (Table  XYL,  p.  127),  show  that  Portland 
stone  is  a  better  aggregate  than  granite,  slag,  ballast,  &c. 

Igneous  Sands,  &c. — Igneous  rocks  are  classified  as 
Granitic,  Trappean,  and  Volcanic,  the  last  being  the  name 
applied  to  those  igneous  rocks  which  are  of  recent  forma- 
tion. This  Volcanic  group  is  interesting  to  the  architect 
and  engineer,  because  it  includes  puozzolana  (from  Puozzoli, 
near  Naples),  trass  (from  Ehenish  Germany),  and  other 
substances  of  similar  nature,  which  confer  a  quite  consider- 
able amount  of  hydraulic  energy  on  pastes  of  fat  lime. 
Such  substances  are  now  seldom  used  in  England,  but  prior 
to  the  introduction  of  Koman  and  Portland  cement  they 
were  in  great  demand  for  works  in  water.  Smeaton  used 
puozzolana  mixed  with  Aberthaw  lime  in  the  mortar  of  his 
Eddystone  lighthouse.  Both  Vitruvius  and  Pliny  describe 
its  use  among  the  Romans. 

The  chief  ingredients  of  these  volcanic  earths  or  sands 
are  silica  and  alumina  (the  former  largely  preponderating), 
and  these,  as  we  have  already  shown,  are  the  ingredients 
which  give  to  most  limes  and  cements  their  hydraulic 
energy.  Into  the  detailed  composition  of  puozzolana, 
trass,  &c,  and  the  method  of  using  them,  it  is  not  neces- 
sary for  us  to  enter,  seeing  that  they  have  fallen  almost  out 
of  use  in  our  country,  but  we  must  say  a  word  or  two  about 
the  statement  which  is  frequently  made,  especially  in  adver- 
tisements, that  cement  will  bind  a  much  larger  quantity  of 
granite-sand  than  of  any  other  sand. 

Doubtless  this  statement  rests  on  the  fact  that  certain 
igneous  earths  do  confer  hydraulic  energy  on  lime.  Gill- 
more  states  that  the  sand  of  "  certain  grauwackes,  psam- 
mites,  granites,  schists,  and  basalts  "  confers  a  small  amount 
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of  hydraulic  energy,  but  that  they  are  improved  by  calcina- 
tion •  they  can,  he  adds,  be  used  in  larger  proportion  than 
other  sand  for  mortars,  when  time  can  be  allowed  for  the 
sand  to  develop  its  hydraulic  properties  before  the  mortar 
is  immersed.  It  will  be  noticed  that  Gillmore  does  not  say 
that  all  granites,  &c.,  have  this  property,  but  only  certain 
of  them,  and  more  recent  researches  seem  to  show  that  fewer 
of  these  sands  confer  hydraulic  energy  than  Gillmore  thought. 

A  French  authority,  M.  Alexander,  after  numerous  careful 
experiments,  declared,  in  1890,  that  calcareous  sand  yielded 
the  strongest  mortar,  and  that  siliceous,  granitic,  and  silico- 
calcareous  sands  (crushed  from  rocks,  not  natural  sands) 
gave  results  practically  equal  to  one  another ;  he  deprecated 
the  use  of  argillaceous  material  instead  of  sand. 

In  many  parts  of  Japan  a  decomposed  granite  sand  is 
found,  the  coarse,  gritty  part  of  which  has,  according  to 
Dr.  Takayama,  no  beneficial  effect  whatever  on  lime,  but 
the  fine,  yellowish  powder,  resembling  "  china  clay  of  good 
quality,"  and  forming  less  than  one-fourth  of  the  total 
quantity  of  the  sand,  does  confer  hydraulic  properties. 

"Some  felspathic  granites,"  says  Dr.  Page,  "like  those 
of  Devon  and  Cornwall  (Cornish  stone),  are  easily  decom- 
posed when  exposed  to  the  weather  (or  artificially  ground 
down),  and  in  this  state  produce  a  fine  impalpable  clay 
(silicate  of  alumina, — silica,  60 ;  alumina,  40),  known  as 
kaolin  or  China  clay,  and  largely  employed  in  the  manu- 
facture of  the  finest  pottery  and  porcelain."  The  yellowish 
powder  in  the  Japanese  sand  just  alluded  to  is  evidently 
similar  to  the  clay  produced  by  the  decomposition  of  these 
felspathic  granites,  and,  bearing  in  mind  the  constituents 
of  hydraulic  limes  and  cements,  we  can  quite  understand 
that  the  addition  of  silicate  of  alumina  in  this  impalpable 
form  may  confer  upon  limes  more  or  less  hydraulic  energy. 
Indeed,  a  white  cement,  which  has  the  same  general  cha- 
racteristics as  Portland  cement,  but  with  only  about  one- 
half  its  tensile  strength,  can  be  made  by  grinding  together 
three  parts  of  chalk  and  one  of  kaolin,  burning  at  a  red 
heat,  and  again  grinding. 
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On  the  other  hand,  the  fine  dust  formed  in  crushing 
syenite  and  other  granite  rocks,  has  been  found  by  experi- 
ment to  have  a  weakening  effect  on  mortars,  just  as  other 
fine  dust  or  mud  has. 

From  this  it  will  be  seen  that  only  certain  kinds  of 
igneous  rocks,  and  these  only  when  decomposed  or  ground 
to  an  impalpable  powder,  confer  hydraulic  properties  upon 
lime,  and  not  ordinary  granite,  whether  in  the  form  of 
grains  or  of  dust.  We  may  assume  that  those  granites 
which  weather  best  as  building-stones  will  confer  the  least 
benefit  on  limes  and  cements. 

Apart,  however,  from  all  questions  of  hydraulicity, 
granite-sand  forms  excellent  concrete,  the  grains  being 
irregular  and  durable,  and  not  rounded  or  water-worn  as 
are  the  grains  of  siliceous  sands.  Mr.  Henry  Reid,  in  his 
"  Practical  Treatise  on  Concrete,"  gives  the  results  of  tests 
showing  that  granite  sand  yields  a  mortar  about  15  per 
cent,  stronger  at  28  days  than  that  obtained  with  Thames 
sand. 

Characteristics  of  Good  Sand. — The  characteristics  of 
good  sand  are  : — 1,  cleanliness ;  2,  coarseness ;  3,  sharpness  ; 
4,  hardness  ;  and  5,  durability. 

(1)  Cleanliness. — Sand  should  be  free  from  clay  and 
organic  matter,  and,  if  the  presence  of  these  be  suspected, 
the  sand  should  be  thoroughly  washed,  as  they  prevent,  to 
some  extent,  the  proper  hardening  of  the  cement.  Mr 
Grant,  in  1862-3,  found  that,  at  all  ages  up  to  twelve 
months  (and  the  experiments  were  not  carried  further), 
briquettes  made  with  loamy  pit-sand  were  considerably 
inferior  to  those  made  with  clean  pit-sand.  His  experi- 
ments on  briquettes  one  month  old  gave  the  following 
ratios  of  strength: — 1  to  1  mortar,  clean  sand  100 — loamy 
sand  83  ;  1  to  2  mortar,  clean  100 — loamy  78  ;  1  to  3, 
100—74;  1  to  4,  100—84;  and  1  to  5,  100—64. 
Briquettes  twelve  months  old  yielded  the  following 
ratios  : — 1  to  1  mortar,  clean  sand  100 — loamy  81  ;  1 
to  2,  100—87 ;  1  to  3,  100—84 ;  1  to  4,  100—77 ;  and 
1  to  5,  100—77. 
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Roughly  speaking,  therefore,  the  presence  of  loam 
reduced  the  strength  of  the  mortars  about  20  per  cent. 
Table  III.,  p.  23,  confirms  the  results  obtained  by 
Mr.  Grant,  and  shows  the  increased  cost,  per  unit  of 
strength,  of  mortars  containing  loam. 

On  the  other  hand,  some  experiments  by  Mr.  E.  C. 
Clarke,  of  Boston,  with  briquettes  of  cement  and  sand,  the 
latter  containing  about  10  per  cent,  of  loam,  showed  that 
"at  one  month  the  breaking  loads  were  only  about  one- 
half  what  they  would  have  been  had  clean  sand  been  used, 
but  at  six  months  and  one  year  little  difference  was  observ- 
able." The  knowledge  that  clean  sand  gives  twice  as  good 
results  at  one  month  as  loamy  sand,  is  quite  enough  to 
preclude  the  use  of  the  latter. 

Mr.  Clarke  also  found  that  the  presence  of  clay  "  in 
moderate  amounts  "  does  not  weaken  cement-mortars ;  but 
this  is  certainly  contrary  to  the  general  belief. 

Sand  from  roads,  pits,  and  sluggish  streams  or  ditches 
must  be  looked  upon  with  suspicion,  as  it  will  in  all  proba- 
bility contain  fine  mud,  or  clay,  or  organic  matter;  but 
sand  from  the  beds  of  quickly-flowing  streams  may  generally 
be  accepted  as  clean  enough,  as  the  loam  and  clay  will  have 
been  washed  away  by  the  stream.  Sand  from  quarries  is 
also  good  in  this  respect.  Further,  sand  should  not  contain 
any  mineral  substance  or  colouring  matter  which  would 
injure  the  strength  or  appearance  of  the  concrete,  such  as 
iron,  salt,  coal-dust,  &c.  Some  pit-sands  in  Lancashire 
cause  the  formation,  in  moist  Portland-ceaient  concrete, 
(fee,  of  black  drops  of  water,  like  ink,  and  these  have  a  bad 
effect  on  the  appearance  of  the  work. 

The  salt  in  sea-sand  does  not  appear  to  have  any  appreci- 
able effect  on  the  strength  of  the  mortar  or  concrete  in  which 
it  is  used,  but  it  has  a  tendency  to  attract  moisture  and 
cause  efflorescence  on  surfaces  exposed  to  the  atmosphere. 
Washing  the  sand  in  fresh  water  may  lessen  this  tendency 
a  little.  Many  concrete  houses  have,  however,  been  built 
with  material  taken  direct  from  the  sea-beach  without 
any    ill-effects,  provided    that   the  exterior   is  covered 
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with  a  stucco  of  cement,  mixed  with  clean  pit  or  river 
sand. 

(2)  Coarseness. — This  characteristic  has  more  influence 
on  the  strength  of  mortar  and  concrete  than  architects 
usually  think.  Many  experiments  have  proved  that  fine 
sand  makes  weaker  mortar  than  coarse.  The  explanation 
of  this  probably  lies  in  the  fact  that  the  smaller  the  grains 
are  in  a  certain  quantity  of  sand  the  greater  is  the  super- 
ficies over  which  the  cement-film  has  to  be  spread.  For 
instance,  in  a  cubic  inch  there  are,  roughly  speaking,  about 
8,000  grains  of  sand  one-twentieth  of  an  inch  in  diameter, 
or  about  27,000  grains  one-thirtieth  of  an  inch  in  diameter; 
the  total  superficies  of  the  former  grains  will  be  (*05  X  *05 

X  6  X  8,000  =  )  120  square  inches,  and  of  the  latter  (-03  x 
•03x  6x27,000  =  )  176  square  inches.  In  other  words, 
the  grains  in  one-and-a-half  measures  of  the  coarser  sand 
will  have  only  about  the  same  superficies  as  in  one  measure 
of  the  finer. 

The  following  table  gives  the  results  of  two  series  of  tests 
carried  out  by  Mr.  Grant  in  1878-9.  The  cement  was 
sifted  through  a  sieve  with  2,580  meshes  to  the  square  inch, 
and  was  made  into  briquettes  with  three  parts  of  sand  (by 
weight) ;  all  the  briquettes  were  kept  in  water.  Each  figure 
is  the  average  of  ten  tests,  the  result  being  given  in  lbs.  per 
square  inch : — 


Table  XIV. — Compaeative  Value  of  Sands 

(COAESE  AND  FlNE). 


6 

Composition 
of  briquettes. 

Sand 
tested  by- 
sieves. 

At  28 
days. 

60 
days. 

91 
days. 

182 
days. 

273 
days. 

364 
days. 

Nos. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

First  Series — 

1 

1  cement  to  3  sand 

20—30 

78-5 

113-9 

116-9 

142-3 

178 

205-5 

2 

ditto. 

10—20 

137-1 

239-5 

223 

231-5 

254-5 

251-5 

Second  Series — 

3 

1  cement  to  3  sand 

20—30 

117-2 

134-5 

145 

156 

157-8 

213 

4 

ditto. 

10—20 

212 

236-5 

206 

253 

267-5 

273-5 

112 
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The  sand  used  in  the  tests  numbered  1  and  3  had  all 
passed  a  No.  20  sieve  (400  meshes  to  the  square  inch),  and 
had  all  been  retained  by  a  No.  30  sieve  (900  meshes  to  the 
square  inch) ;  for  the  tests  numbered  2  and  4,  the  sand  had 
passed  a  No.  10  sieve  (100  meshes  to  the  square  inch),  and 
had  been  retained  on  a  No.  20  sieve.  The  superiority  of 
the  briquettes  made  with  the  coarser  sand  is  very  evident, 
but  it  is  also  evident  that  the  superiority  is  greatest  at  the 
earlier  dates.  After  about  two  months  the  strength  of  the 
briquettes  made  with  the  finer  sand  gradually  approaches 
that  of  the  coarse-sand  briquettes.  Thus,  the  latter  are  77 
per  cent,  stronger  than  the  fine-sand  briquettes  at  the  age 
of  one  month,  and  91  per  cent,  at  two  months,  but  they 
are  only  63  .per  cent,  stronger  at  three  months,  62  at  six 
months,  55  at  nine  months,  and  25  at  twelve  months.  It. 
would  be  interesting  to  know  by  experiment  whether  the 
more  rapid  increase  of  strength  by  the  fine-sand  briquettes 
is  maintained  until  the  two  mortars  are  of  equal  strength. 
The  probability  is  that  such  is  not  the  case,  but  that  the 
finer  mortar  is  permanently  weaker. 

But  whether  this  be  so  or  not,  the  coarser  sand  ought  to 
be  used,  for,  other  things  being  equal,  that  mortar  or  con- 
crete which  will  attain  a  certain  strength  in  the  shortest 
time  is  the  most  suitable.  Architects  and  building-owners 
cannot  afford  to  wait  an  indefinite  period  for  concrete  to 
harden  ;  the  centres  of  a  concrete  floor  will  probably  be 
struck  in  a  month  or  less,  and  if  at  that  time  concrete 
made  with  coarse  sand  is  77  per  cent,  stronger  than  that 
made  with  fine  sand,  there  can  be  no  doubt  as  to  which 
ought  to  be  used. 

Sand  containing  both  coarse  and  fine  grains  is  better 
than  all  fine,  and  yields  mortar  little  inferior  in  strength 
to  that  made  from  coarse  sand.  When  only  fine  sand  is 
available,  less  ought  to  be  used  in  proportion  to  the 
cement. 

The  fine  sand  which  is  blown  about  by  the  wind  and 
formed  into  sandhills  makes  bad  mortar  and  concrete  ;  and 
the  fine  powder,  which  is  produced  by  stone  -  crushing 
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machines,  ought  to  be  washed  from  the  sand  and  broken 
stone  before  these  are  used,  as  it  has  an  enfeebling  effect. 

The  property  of  coarseness  needs  consideration  also  in 
connection  with  the  porosity  and  permeability  of  concrete. 
M.  Alexander's  experiments  educed  the  somewhat  surprising 
fact  that  sand,  consisting  wholly  of  coarse  grains,  yields  not 
only  a  stronger  mortar  than  wholly  fine  sand,  but  also  a 
mortar  less  porous  and  less  permeable  to  water.  A  mixture 
of  coarse  and  fine  grains,  however,  contains  less  voids,  and 
yields  a  denser  mortar  than  either  coarse  or  fine  grains  used 
separately.  The  mixture  containing  the  least  voids,  was 
found  to  have  coarse  and  fine  grains  in  the  proportion  of 
6  to  4.  A  measure  of  sand,  consisting  of  equal-sized  grains 
of  any  kind,— coarse,  medium,  or  fine,— contained  about 
50  per  cent,  of  voids ;  the  mixture,  just  referred  to,  con- 
tained only  36  per  cent. 

(3)  Shakpness.— The  sharper  the  sand  is  the  better. 
The  angularity  of  grains  helps  to  bind  them  together  and 
give  them  a  sort  of  bond.  The  advantages  of  angularity 
are  clearly  evident  in  surfaces  subjected  to  much  wear,  as 
paving;  from  these,  round  smooth  grains  are  detached 
much  more  easily  than  irregular  sharp  grains.  Sand 
obtained  by  crushing  hard,  compact  rock,  is  very  good  in 
this  respect ;  sea  and  river  sand  is  not  so  good,  but  varies 
very  much  according  to  the  place  where  it  is  obtained. 

Experiments  made  by  Mr.  Kinipple  on  two  mortars  com- 
posed  (1)  of  1  part  Portland  cement  and  1  part  sand 
obtained  by  crushing  sandstone  in  a  Blake's  crusher,  and 
(2)  of  Portland  cement  and  pit-sand  in  equal  proportions 
showed  the  former  to  be  over  50  per  cent,  stronger  than 
the  latter.  This  was  doubtless  due  to  the  superior  angu- 
larity, cleanliness,  and  coarseness  of  the  crushed  sand. 

Some  sand-grains  have  sharp  edges,  but  smooth  surfaces, 
while  others  are  rounded  but  with  rough  surfaces ;  experi- 
ments have  shewn  that  these  two  varieties  yield  mortar 
approximately  equal  in  strength. 

(4)  Hardness.— Many  sands  contain  a  considerable  pro- 
portion  of  earthy  grains,  which  are  a  source  of  weakness. 


ii4 


CONCRETE. 


There  are  some  sand-stone,  limestone,  and  even  igneous 
rocks,  which  crumble  almost  at  a  touch,  and  the  grains  of 
which  are  soft  and  easily  crushed.  These  ought  not  to  be 
used.  The  harder  the  rock,  the  stronger  will  be  the  sand 
obtained  from  it. 

(5)  Durability. — It  would  be  folly  to  make  concrete  walls 
with  an  aggregate  which  would  soon  succumb  to  the  action 
of  the  atmosphere.  There  is,  however,  little  fear  of  any 
natural  sand  being  deficient  in  durability,  but  the  sand 
obtained  by  crushing  certain  limestones  and  sandstones, 
which  weather  badly  as  building  stones,  ought  to  be  care- 
fully examined  before  its  use  is  permitted.  As  a  rule  a 
hard-grained  sand  will  prove  durable. 

Substitutes  for  Sand. — It  is  not  always  that  natural 
sand,  or  sand  crushed  from  natural  rock,  can  be  obtained. 
Ground  brickbats  or  pottery,  burnt  and  ground  clay,  slag- 
sand,  coke-breeze  from  gasworks,  smithy-ashes,  &c.,  may  be 
used  as  substitutes. 

Ground  brickbats,  if  well-burnt  and  free  from  dirt,  old 
mortar  and  lichens,  make  good  mortar.  Clay  should  be 
thoroughly  burnt,  or  it  will  irretrievably  spoil  all  mortar  or 
concrete  in  which  it  may  be  mixed.  The  dust  of  brick-bats 
and  burnt  clay  is  considered  (on  rather  slight  evidence  it 
must  be  said),  to  confer  a  small  amount  of  hydraulic  energy 
on  fat  limes.  Coke-breeze  is  not  to  be  recommended  for  use 
in  walls,  ground-layers,  and  foundations,  on  account  of  its 
porosity  and  weakness.  Smithy-ashes  and  foundry -sand  have 
been  recommended  by  some  authors  but  do  not  always  give 
good  results.    Soot  ought  to  be  avoided. 

A  series  of  experiments  of  considerable  interest  were 
made  by  Lieutenant  Innes,  R.E.,  and  read  to  the  Institution 
of  Civil  Engineers*  Briquettes  were  made  of  Portland 
cement  and  sand,  or  substitute  for  sand,  in  the  proportion 
of  1  to  2,  and  were  kept  in  water  until  tested.  All  grains 
exceeding  one-twelfth  of  an  inch  were  removed  from  the 
various  sands,  &c,  but  apparently  no  attempt  was  made  to 

*  Proceedings,  vol.  xxxii.  1870-1. 
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remove  the  fine  dust  in  any  of  them.  The  results  of  the 
tests  are  given  in  the  foregoing  table,  and  also  the  propor- 
tional value  of  the  "  sands  "  at  the  two  ages,  at  which  the 
briquettes  were  broken.  The  mortars  made  with  clay-ballast 
and  smithy-ashes,  were  apt  to  shrink  and  crack. 

Lieutenant  Innes's  experiments  showed,  therefore,  that  the 
clay-ballast  gave  the  best  results,  and  the  other  sands,  &c, 
followed  in  this  order, — Portland  stone-dust,  ordinary  coarse 
sea-sand,  rough  pit-sand,  smooth  pit-sand,  drifted  sea-sand, 
and,  lastly,  smithy-ashes. 

If  the  table  be  considered  in  the  light  of  our  remarks 
about  the  essential  characteristics  of  good  sand,  the  differ- 
ences between  the  various  sands  and  substitutes  will  be 
easily  explained. 


CHAPTER  XL 

AGGREGATES. 

Selection — Gravel  and  Shingle — Broken  stone:  1.  Igneous  Rocks; 
2.  Mints;  3.  Sandstones  ;  4.  Limestones ;  5.  Slates — Broken  bricks, 
&c. — Burnt  clay,  &c. — Coke-breeze,  &c. — Slag — Shells — Sundries 
— Resistance  to  fire — Strength  (Table  XVI.) — Resistance  to  wear. 

Selection. — The  selection  of  an  aggregate  is  largely  in- 
fluenced by  the  locality  in  which  the  work  is  required,  and 
by  the  use  to  which  the  concrete  is  to  be  put.  The 
aggregate  which  is  most  easily  available  and  most  economi- 
cal is  usually  employed.  It  would  be  a  waste  of  money  to 
specify  burnt  clay  for  a  building  on  the  site  of  which  suit- 
able stone  could  be  obtained,  while  the  clay  would  have  to 
be  brought  there  at  considerable  expense ;  for  any  reason- 
able inferiority  of  aggregate  can  be  remedied  by  using  with 
it  a  proportionately  larger  quantity  of  cement. 

The  remarks  about  the  cleanliness,  angularity,  hardness, 
and  durability  of  sand  may  be  applied  with  equal  truth  to 
the  aggregates.  But  a  little  further  information  about  the 
more  common  kinds  of  aggregate  will  be  useful. 

The  number  of  different  materials  which  have  been  used 
in  concrete  is  very  large.  We  may  mention  gravel,  shingle, 
broken  stone  of  various  kinds,  broken  brick  and  pottery, 
burnt  clay  and  shale,  coke-breeze,  slag,  shells. 

Gravel  and  Shingle. — Ordinary  gravels  contain  a  con- 
siderable quantity  of  sand,  varying,  perhaps,  from  one-third 
to  one -half  the  total  volume.  This  may  advantageously  be 
sifted  out,  so  that  the  several  ingredients  of  the  concrete 
can  be  accurately  measured.  Gravel  from  pits  and  from 
sluggish  streams  ought  to  be  washed  before  being  used,  as 
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the  former  will  probably  contain  clay  in  considerable  quanti- 
ties, and  the  latter  may  be  coated  with  fine  mud  or  slime, 
or  may  contain  an  excessive  amount  of  very  fine  sand ;  but 
gravel  and  shingle  from  some  parts  of  the  sea-beach  and 
the  beds  of  rapid  streams  do  not  need  further  cleaning. 

For  rough  concrete  in  ordinary  foundations,  &c.,  gravel 
forms  a  good  and  economical  aggregate,  as  it  may  be  used  in 
many  instances  with  little  or  no  preparation.  The  larger 
rounded  pieces  in  shingle,  &c,  should  be  broken,  so  as  to 
give  them  a  certain  amount  of  angularity,  in  order  that  the 
cement  may  adhere  to  them  more  firmly,  and  that  they  may 
be  wedged  and  bonded  together.  Shingle,  &c,  which  con- 
tains large  irregular  pieces,  makes  stronger  concrete  than 
that  consisting  entirely  of  smaller  pieces  rounded  by 
attrition. 

Opinions  differ  as  to  the  value  of  gravel  and  similar 
material  as  an  aggregate.  Some  persons  go  so  far  as  to  say 
that  it  is  the  best  of  all  aggregates,  wrhile  others  loudly 
condemn  it.  The  fact  is  that  such  material,  from  its  hard- 
ness and  durability,  is  useful  in  foundations  and  walls,  where 
the  concrete  is  subjected  mainly  to  compression  ;  but  in 
floors  and  other  places  where  it  is  subjected  to  transverse 
stress,  it  does  not  form  a  good  aggregate,  because  of  its 
great  weight,  the  smoothness  and  roundness  of  its  stones, 
and  the  small  resistance  it  offers  to  the  action  of  fire. 

Of  two  kinds  of  gravel  or  shingle,  that  one  is  best,  other 
things  being  equal,  which  has  the  smallest  interstices  ;  for 
in  this  case  a  smaller  quantity  of  sand  is  required  with  the 
cement  to  produce  solid  concrete,  and  this  is  important 
because  the  strength  of  concrete  depends  largely  on  the 
strength  of  the  mortar  (i.e.,  the  cement  and  sand)  in  wThich 
the  gravel,  or  other  material,  is  embedded. 

The  gravel  obtained  from  the  Thames  and  usually 
known  as  Thames  ballast,  is  good  aggregate  for  foundations 
and  walls,  being  usually  fairly  clean  and  irregular,  and 
containing  sand  of  good  quality. 

All  gravel  is  more  or  less  rounded  by  attrition,  and  this 
of  course  is  a  disadvantage.      Usually,  also,  it  is  not 
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porous  enough  to  admit  of  the  best  adhesion  of  the  cement 
to  its  surfaces. 

Broken  Stone. — A  great  many  kinds  of  stone  have  been 
used  as  aggregates  in  concrete, — granite  and  other  igneous 
rocks,  flints,  sand-stones  of  various  kinds,  limestones,  &c. 
On  the  whole,  limestones  seem  to  give  the  best  results, 
probably  on  account  of  a  slight  chemical  action  taking- 
place  between  them  and  the  cementing  substance. 

(1)  Igneous  Rocks. — Igneous  rocks  are  largely  used  as 
an  aggregate,  especially  for  concrete  exposed  to  much  wear, 
as  in  the  facing  of  break-waters,  dock-walls,  coping,  and 
other  sea-works.  They  are  almost  invariably  used  in  the 
manufacture  of  artificial  stone,  artificial  flags,  and  the  best 
kinds  of  in  situ  paving. 

Igneous  rocks  are  classified  as  Granitic,  Trappean,  and 
Volcanic,  but  no  examples  of  the  last  occur  in  the  British 
Isles. 

Ordinary  granite  consists  of  crystals  of  felspar,  quartz, 
and  mica,  and  is  found  extensively  in  Scotland.  There  are 
several  varieties,  such  as  syenite,  and  syenitic  granite  (con- 
taining hornblende,  and  quarried  in  Leicestershire,  Guernsey, 
&c),  and  porphyritic  granite  (containing  large  and  inde- 
pendent crystals  of  felspar  in  addition  to  the  small  ones 
contained  in  the  general  mass  of  the  rock,  and  quarried  at 
Shap  in  Westmoreland  and  at  several  places  in  Cornwall  and 
Devonshire). 

Trap-rocks  are  of  many  kinds,  the  more  crystalline 
varieties,  such  as  basalts  and  green-stones  (or  whinstones), 
being  most  suitable  for  aggregates  in  concrete ;  some  of  the 
earthier  varieties  confer  a  certain  amount  of  hydraulic 
energy  on  limes  and  cements.  The  Giants'  Causeway  in 
Ireland,  and  Fingal's  cave  in  Staffa,  are  well-known  examples 
of  basaltic  rocks,  and  other  trap-rocks  are  found  in  Derby- 
shire, Cumberland,  North  Wales,  <fec.  Mr.  Thomas  Dyke 
states  that  whinstone  withstood  the  grinding- test  for  wear 
much  better  than  either  granite  or  shingle,  blocks  of  each 
being  applied  under  the  same  pressure  to  the  face  of  a 
revolving  grindstone. 
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Granitic  and  Trappean  rocks  of  various  kinds  can  be 
obtained  from  many  quarries,  broken  by  machinery  into 
various  sizes  suitable  for  concrete.  They  form  an  excellent 
aggregate  for  foundations,  walls,  and  paving,  being  hard, 
angular,  and  durable.  For  floors  their  weight  is  a  dis- 
advantage, and  so  also  is  their  great  liability  to  crack  or 
disintegrate  under  the  action  of  fire. 

(2)  Flints. — Flints  are  lumps  of  grey  or  black  silex, 
found,  usually  in  horizontal  layers,  in  beds  of  chalk.  They 
are  of  all  sizes  up  to  a  foot  or  more  in  diameter,  and,  when 
dry,  are  extremely  hard  and  refractory.  Owing  to  their 
glassy  surfaces  they  do  not  form  one  of  the  best  of  aggre- 
gates, but  broken  into  suitable  sizes  they  can  be  used  in 
foundations  and  walls  ;  their  great  weight,  and  their  ten- 
dency to  if  fly"  under  the  influence  of  fire,  render  them  un- 
suitable for  floors.  If  the  flints  have  been  taken  from  land 
under  cultivation,  they  ought  to  be  washed  before  being 
used. 

They  are  extremely  durable,  being  practically  unaffected 
by  atmospheric  changes  and  impurities. 

(3)  Sandstones. — It  is  impossible  to  mention  all  the 
sandstones  which  are  suitable  for  concrete.  A  few  general 
observations  must  suffice.  Those  sandstones  which  yield 
durable  building  stones  will  usually  yield  good  aggregates, 
while  those  which  are  friable  and  which  favour  the  growth 
of  vegetation  upon  them  will  not.  Sandstones  vary  con- 
siderably in  weight  and  in  strength,  and  this  must  be  taken 
into  consideration ;  the  strongest  and  heaviest  may  be  used 
in  foundations,  walls,  and  paving,  and  lighter  varieties  may 
be  used  in  floors.  All  sandstones  are  apt  to  crack  and  split 
under  the  influence  of  heat,  although  they  are  not  as  much 
affected  by  it  as  are  granites  and  limestones.  It  is  not 
wise,  however,  to  use  them  in  floors  which  are  intended  to 
be  fire-resisting.  The  degree  of  porosity  of  the  stone  has 
also  an  influence  on  the  ultimate  strength  of  the  concrete ; 
the  dense  stone  which  splits  into  thin  layers  with  smooth 
mica  surfaces,  such  as  Yorkshire  flags,  will  not  yield  as  good 
concrete  as  a  rather  more  porous  rock.    But  care  must  be 
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taken  that  the  stone,  especially  the  porous  varieties,  is  well 
soaked  with  water  before  the  cement  is  mixed  with  it,  other- 
wise the  aggregate  will  absorb  the  moisture  from  the 
cement,  and  the  hardening  of  the  latter  will  be  prematurely 
stopped. 

Old  building  materials  often  furnish  a  convenient  and 
economical  aggregate,  but,  as  a  rule,  they  will  be  much  im- 
proved by  being  washed  after  they  are  broken. 

(4)  Limestones. — The  great  variety  of  limestones  pre- 
cludes a  detailed  description  of  them.  The  remarks  about 
the  strength,  weight,  and  porosity  of  sandstones  are  applic- 
able to  limestones.  A  large  amount  of  fine  dust  is  pro- 
duced in  crushing  limestone,  and  as  this  weakens  the  con- 
crete it  ought  to  be  washed  away. 

Kentish  Rag  is  a  dense,  hard,  and  durable  stone,  and  is 
often  used  in  concrete  for  foundations,  &c.  ;  Portland  stone, 
and  some  of  the  harder  varieties  of  Bath  stone,  yield 
excellent  aggregates ;  chalk  has  also  been  used  for  common 
work,  but  it  cannot  be  recommended,  as  it  requires  careful 
manipulation  and  does  not  attain  to  the  strength  which  good 
concrete  ought  to  possess.  Marbles  also  will  prove  suitable 
for  aggregates,  and,  in  fact,  any  material  of  sufficient 
strength  and  durability,  and  to  which  the  cement  will  adhere, 
may  be  used. 

Many  of  the  harder  varieties  of  limestones  and  marbles 
are  used  for  the  face-concrete  or  finishing-surfaces  of  paving, 
curbs,  &c,  in  the  same  way  as  crushed  granite,  and, 
although  they  are  not  equal  to  the  latter  in  durability,  they 
furnish  an  extremely  hard  surface,  capable  of  taking  con- 
siderable polish. 

As  we  have  already  stated,  limestone  is  easily  affected  by 
fire ;  sometimes  the  limestone  facing  of  buildings  has  been 
entirely  burnt  away,  while  the  brick  backing  has  remained 
standing. 

(5)  Slates. — Broken  slates,  the  refuse  of  slate  quarries, 
may  also  be  used  in  concrete,  but  they  are  too  dense  and 
laminar  to  make  really  good  work. 

Broken  bricks,  &c. — Broken  bricks  of  various  kinds, 


122 


CONCRETE. 


roofing  tiles,  retorts,  and  pottery  furnish  extremely  useful 
aggregates.  They  have,  in  the  process  of  manufacture, 
been  subjected  to  great  heat,  and  are  therefore  less  liable  to 
change  of  form  under  the  influence  of  fire ;  for  this  reason 
they  are  especially  valuable  for  the  concrete  of  floors,  &c, 
which  are  intended  to  be  fire-resisting.  Broken  fire-bricks 
have  been  specially  recommended  for  this  purpose,  but  some 
of  them  have  not  much  strength.  Many  kinds  of  bricks, 
too,  are  lighter  than  some  kinds  of  stone,  and  this  is  worthy 
of  consideration  in  floors,  but  the  crushing  strength  of 
the  latter  will,  as  a  rule,  be  greater  than  that  of  the 
bricks. 

The  porosity  of  most  bricks  is  a  point  in  their  favour,  as 
this  facilitates  the  adhesion  of  the  cement  to  their  surfaces, 
but  care  must  be  taken  that  the  bricks  are  soaked  with 
water  before  they  are  made  into  concrete.  Experiments  have 
shown  that  dry,  soft  place  bricks,  joined  with  lias  lime 
mortar,  can  be  separated  with  only  one-half  the  force  that 
is  required  to  separate  hard  grey  stocks  similarly  united ; 
the  figures  being  18  lbs.  and  36  lbs.  per  square  inch 
respectively  at  the  end  of  one  month. 

Old  brickwork  and  tiles  from  buildings,  pottery-refuse,  &c, 
usually  require  thorough  washing  before  they  are  fit  for  use. 

Some  experiments  on  concrete  arches  carried  out  by  Mr. 
C.  Colson,*  showed  that  the  arches  composed  of  Portland 
cement,  sand,  and  broken  bricks  were  more  than  50  per 
cent,  stronger  than  similar  arches  of  Portland  cement,  sand, 
and  screened  harbour  shingle,  the  proportions  in  all  cases 
being  the  same,  namely,  1,  3,  and  6.  The  superior  strength 
was  "evidently  due  to  the  more  absorbent  and  angular 
character  "  of  the  bricks.  "  The  appearance  of  the  fractures 
in  the  two  cases,  i.e.,  shingle  and  broken  brick,  showed  a 
marked  difference.  In  the  first  case,  the  strain  destroyed  the 
adhesive  power  existing  between  the  shingle  and  the  matrix ; 
in  no  instance  was  a  stone  observed  to  be  fractured,  the 
casts  being,  as  a  rule,  clearly  defined  in  the  cement.  In  the 
second  case,  the  superior  adhesive  power  existing  between 

*  See  Table  XXIX.,  p.  288, 
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the  broken  brick  and  cement  matrix  was  manifest ;  in  but 
few  instances  had  the  cement  left  the  surface  of  the  brick, 
the  general  characteristic  being  that  of  complete  disintegra- 
tion of  both  brick  and  matrix." 

Bricks  ought  not  to  be  used  as  an  aggregate  in  works 
exposed  to  the  sea,  as  they  have  been  found  to  disintegrate 
under  such  conditions. 

Bubnt  Clay,  &c. — Closely  akin  to  broken  brick  is  burnt 
clay.  This  is  frequently  recommended  as  a  good  aggregate, 
and  so  it  is  when  the  material  is  clean  and  good,  and  the 
burning  is  thoroughly  carried  out.  But  it  is  just  this 
thorough  and  equal  burning  of  the  clay  which  is  so  difficult 
of  attainment, — especially  in  contract  work.  As  a  rule, 
some  other  aggregate  can  be  obtained,  which  will  be  of 
more  uniform  quality  ;  underburnt  clay  will  make  wretched 
concrete. 

The  material  is  usually  burnt  over  a  fire  of  wood  and  coa 
or  coke,  fresh  supplies  of  clay  and  combustible  materia 
being  added  alternately  as  the  burning  proceeds.  Great 
care,  however,  is  requisite  in  the  burning  to  insure  uniform 
results.  It  is  not  many  years  since  a  contractor  had  to  pay 
50£.  for  damages  caused  by  the  falling  of  the  walls  of  two 
concrete  cottages,  in  which  unburnt  shale  and  clay  had 
been  used  as  an  aggregate. 

Burnt  ballast  should  be  of  a  dark  red  or  purple  colour ; 
a  bright  red  colour  indicates  imperfect  burning. 

Shale,  which  may  be  described  as  a  laminated  clay  or 
mud,  is  sometimes  burnt  and  used  for  concrete  in  the  same 
way  as  clay,  and  has  been  highly  recommended. 

Coke-breeze,  &c. — Coke  and  coke-breeze  from  gasworks, 
and  boiler-cinders  from  factories,  are  often  used  in  concrete 
for  floors,  roofs,  and  partitions,  where  lightness  is  a  deside- 
ratum. Concrete  made  with  such  aggregates,  however, 
is  not  as  strong  as  that  made  with  either  broken  brick  or 
slag  or  stone ;  this  is  accounted  for  by  the  inherent  weak- 
ness of  the  coke,  cinders,  &c.  The  weight  of  the  concrete 
floor  itself  is  often  a  very  large  part  of  the  load  which  it 
has  to  carry,  and  for  this  reason,  the  strength  should 
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always  be  considered  in  conjunction  with  the  weight.  A 
light  concrete  of  moderate  strength  may  carry  a  greater 
added  load  than  a  stronger  concrete  of  great  weight. 
The  experiments  of  Mr.  Webster  (see  Table  V.,  p.  36) 
go  to  prove  that  coke-breeze  concrete  suffers  less  from 
heating  and  quenching  than  do  concretes  made  with  sand, 
pumice-stone,  fire-brick,  and  slag. 

Some  persons  have  objected  to  the  use  of  coke-breeze 
concrete  under  hearths,  as  it  is  a  comparatively  good  con- 
ductor of  heat,  and  will,  indeed,  sometimes  become  red-hot 
and  char,  or  even  set  fire  to,  adjacent  woodwork  (see  The 
Builder  for  February  13  and  March  19,  1892). 

A  further  advantage  of  coke-breeze  concrete  for  floors  is 
hat  it  can  be  nailed  to ;  floorboards  can,  therefore,  be  laid 
directly  upon  it,  without  the  necessity  of  wood  joists  or 
fillets,  or  an  intervening  space  for  air  (and  dirt).  But  this 
very  lightness  and  porosity  is  a  disadvantage  for  walls, 
foundations,  and  other  places  in  which  it  will  be  subjected 
to  the  action  of  the  weather  or  of  water,  or  where  it  will 
be  expected  to  bear  great  weight.  A  very  porous  aggregate 
requires  more  cement  than  one  of  closer  texture,  and  is 
not  so  strong  ;  it  is  sometimes  recommended  that  porous 
material  should  be  soaked  with  thin  Portland-cement  grout 
before  using,  but  the  cost  of  this  would  probably  be  more 
than  that  of  getting  a  better  aggregate. 

Coke-breeze  and  similar  materials  ought  to  be  wTell  wetted 
before  being  made  into  concrete,  especially  if  Roman  or 
other  quick-setting  cement  is  used,  otherwise  they  will 
absorb  the  moisture  from  the  cement  and  prevent  its  proper 
hardening.  And  yet,  the  writer  has  been  recommended  to 
allow  the  use  of  ashes  in  concrete  on  account  of  their 
absorbent  nature ;  the  contractor,  making  the  recommenda- 
tion, argued  that  the  concrete  wrould  set  more  rapidly, — 
perhaps  "  dry"  would  be  the  better  word,— but  apparently 
was  not  aware  that  the  rapidity  of  setting  would  be  accom- 
panied by  an  undesirable  loss  of  strength. 

The  fineness  of  coke-breeze  is  also  a  factor  in  lessening 
the  ultimate  strength  of  the  concrete.    It  should  not  be 
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used  for  external  walls.  As  a  rule,  too,  coke-breeze,  <fec, 
contain  dust  and  impurities  which  are  a  source  of  weakness, 
and  ought  to  be  washed  away. 

Slag. — Slag  from  iron  furnaces  is  used  not  only  for 
making  cement,  as  already  described,  but  also  as  an  aggre- 
gate. It  can  be  obtained  from  many  ironworks  and  steel- 
works in  the  form  of  sand,  and  also  in  sizes,  suitable  for 
various  kinds  of  concrete,  from  f -in.  cubes  upwards.  It  has 
been  often  used  in  harbour  and  dock-works,  especially  for 
face-concrete,  for  which  its  hardness  and  durability  render 
it  particularly  suitable. 

When  intended  for  concrete  the  slag  should  not  be  of 
hard  glassy  character,  such  as  that  used  for  road-metal,  but 
should  be  of  open  texture,  full  of  pores  which  permit  the 
adhesion  of  the  cement.  This  porosity  is  attained  by 
running  the  molten  slag  into  water  as  it  leaves  the  furnace. 

Slag-concrete  varies  much  in  weight,  according  to  the 
nature  and  texture  of  the  slag.  Some  of  it  is  lighter  than 
Portland-stone  concrete,  while  some  is  heavier  than  granite- 
concrete.  On  account  of  its  weight  it  is  not  usually  recom- 
mended for  floors,  although  there  are  the  counterbalancing 
advantages  of  great  strength  and  resistance  to  fire.  Its 
hardness  renders  it  very  suitable  for  the  surface  coats  of 
floors  and  paving. 

Shells. — Shells  are  also  used  for  concrete  in  places 
where  they  are  easily  obtained,  and  in  conjunction  with 
gravel,  or  shingle,  or  other  material,  they  make  good  work. 

Sundries. — Various  materials  besides  the  foregoing  have 
sometimes  been  used  in  concrete,  and  some  have  even 
formed  the  subject  of  patents.  Stuart's  "  Granolithic " 
paving  is  said  to  contain  haematite  or  other  iron  ore  in 
addition  to  crushed  granite.  A  recent  example  is  a  kind 
of  paving  known  (in  the  patent  specification)  as  "  Ironcrete," 
in  which  pieces  of  iron  are  imbedded  to  give  a  hard  wearing- 
surface  and  a  good  foothold.  Sawdust,  hemp,  and  other 
fibres,  coloured  glass,  and  other  materials,  have  been  advo- 
cated and  tried,  but  have  not  come  much  into  vogue. 

Resistance  to  Fire. — Mr.  Webster's  experiments,  already 
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mentioned,  seem  to  show  that  the  resistance  to  fire  of 
various  aggregates  is  as  follows,  in  order  of  merit  : — 1.  Coke- 
breeze  ;  2.  Pumice-stone ;  3.  Fire-brick ;  4.  Slag ;  5.  Sand 
(and,  presumably,  gravel,  or  broken  sand-stone  of  similar 
composition).  The  difference  between  Nos.  1,  2,  and  3,  is, 
however,  very  little. 

Mr.  Webster  also  obtained  a  4-in.  cube  of  : — 1.  Syenite 
from  North  Wales;  and  a  5 -in.  cube  of  each  of  the  follow- 
ing stones — 2.  Porphyritic  granite  from  Westmoreland  ; 
3.  Carboniferous  limestone  from  Derbyshire ;  4.  Portland 
oolite ;  5.  Sandstone-grit  from  Darley  Dale,  Derbyshire ; 
and  6.  Sandstone-grit  from  Bramley  Fall,  Yorkshire.  These 
cubes  were  simultaneously  placed  in  a  furnace  heated  to 
about  2,400  deg.  Fahr.,  but  cooling  gradually  to  about 
2,000  deg.  ;  they  were  removed  in  nine  minutes  and 
a  quarter.  The  syenite,  at  a  minute  and  a  quarter, 
"  cracked  with  a  slight  explosion,  and  gradually  broke  into 
shelly  fragments  ;  "  a  large  corner  broke  off  the  porphyritic 
granite  after  one-and-a-half  minutes,  and  the  remaining 
portion  of  the  cube  "  afterwards  cracked  and  crumbled  to 
small  fragments ;  "  the  limestone  began  to  "  calcine  at  the 
corners,  and  in  about  two  minutes  began  to  split  Tip  and 
crumble,  the  small  pieces  becoming  calcined ;  "  the  Port- 
land oolite  "stood  apparently  intact  for  about  three 
minutes,  but  a  slight  tap  with  an  iron  rod  broke  it  into 
pieces,  which  commenced  to  calcine ; "  the  two  sandstone 
cubes  stood  "  intact  for  about  four  minutes,  when  they  com- 
menced to  scale  and  shell  off," — a  small  crack  had  appeared 
in  the  Bramley  Fall  stone  in  two  minutes.  From  this  test, 
Mr.  Webster  concludes  that  of  these  varieties  of  stone, 
granite  is  the  worst,  and  sandstone  the  best  for  resisting 
the  influence  of  fire. 

It  has  been  known  for  a  long  time  that  granite  soon 
succumbs  to  great  heat,  and  one  instance  is  recorded  where 
"a  granite  post,  12  in.  by  12  in.,  was  reduced  to  sand  by 
the  same  fire  that  burned  into  a  wooden  post  next  to  the 
granite  less  than  1  in." 

Strength. — The  tensile  strength  of   briquettes  made 
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with  cements  and  various  kinds  of  sands  has  been  given  in 
several  tables,  and  nothing  further  need  now  be  said  on 
this  point.  The  crushing  strength  of  concrete  made  with 
Portland  cement  and  various  kinds  of  aggregates  has  been 
ascertained  by  Mr.  Grant.*  Six-inch  cubes  were  made, 
kept  in  air  for  a  year,  and  then  crushed,  one  test  only  being 
made  in  each  case.  The  proportions  were  measured  by 
volume.  One-half  of  the  total  number  of  blocks  were  com- 
pressed by  beating  the  concrete  into  the  mould  with  a  small 
mallet ;  the  remaining  blocks  were  not  compressed.  The 
results  may  be  tabulated  thus  : — 


Table  XVI.— Compressive  Strength  (in  tons  per  sq.  ft.)  of 
Portland- Cement  Concretes  having  various  Aggregates. 


|    Number.  1 

Nature  of 
Aggregate. 

Six  to  One. 

Eight  to  One. 

Ten  to  One. 

Ratios  of 
Strength  of 
Aggregates., 

Com- 
pressed. 

Not 
Com- 
pressed. 

Com- 
pressed. 

Not 
Com- 
pressed. 

Com- 
pressed. 

Not 
Com- 
pressed. 

1 

81-6 

72-8 

54 

50 

42 

32 

49-1 

2 

Portland  Stone 

162-4 

120 

132 

98 

88 

76 

100 

3 

Granite  

122 

98 

78-4 

58 

62 

46 

68-6 

4 

Pottery   

115-2 

98-4 

88 

72 

74 

56 

74-4 

5 

Slag   

92 

80 

78 

56 

42 

34 

56-3 

6 

Flints   

82 

62 

70 

56 

60 

51-2 

56-5 

7 

Glass  

112+ 

66 

72 

54-4 

50 

40 

58-3 

Too  much  reliance  should  not  be  placed  on  individual 
results  given  in  the  preceding  table,  as  only  one  test  was 
made  in  each  case.  The  average  results  may,  however,  be 
accepted.  Taking,  therefore,  the  whole  of  the  six  tests  of 
each  kind  of  aggregate  into  consideration,  we  find  the  rela- 
tive values  of  the  different  materials  to  be  as  follows : — 
Portland   stone,    100;    pottery,    74*4;    granite,  68*6; 

*  Proceedings  of  the  Inst.  C.  M,  vol.  xxxii.  (1870-1). 

+  In  Mr.  Grant's  table  giving  the  strength  of  6-inch  cubes,  the 
figure  in  this  case  is  28  ;  possibly  it  ought  to  be  18,  which  would  give 
72  tons  per  sq.  ft.  instead  of  112,  and  this  would  be  more  in  keeping 
with  the  remaining  tests  with  glass,  and  would  relegate  it  to  the 
lowest  place  but  one. 
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glass,  58*3  ;  slag,  56*5  ;  flint,  56*3  ;  and,  lastly,  ballast, 
49*1.  The  roundness  and  smoothness  of  the  ballast  (pre- 
sumably "  Thames  ballast "),  and  the  sand  and  dirt  it  con- 
tained, will  account  for  its  low  position.  The  flints  also 
give  low  results,  because  of  their  smoothness  and  roundness, 
and,  probably,  dirtiness,  while  smoothness  and  brittleness 
account  for  the  position  of  the  glass  and  slag.  Granite 
might  have  been  expected  to  take  a  higher  place ;  perhaps 
it  contained  a  considerable  amount  of  dust.  It  is  also  sur- 
prising to  find  Portland  stone  25  per  cent,  better  than  even 
pottery ;  possibly,  its  angularity,  cleanliness,  and  affinity 
for  cement  gave  it  the  premier  position. 

Similar  experiments  with  broken  sand-stone  and  with 
coke-breeze  would  have  been  valuable  to  architects. 

Mr.  S.  R.  Lowcock  found  the  crushing  strength  of  concrete 
made  of  one  part  Portland  cement  and  4  \  parts  clinker 
(from  furnaces  burning  ashpit  refuse)  crushed  to  pass  a 
f-in.  mesh,  and  well  washed,  to  be  1120  lbs.  per  square 
inch  (72  tons  per  square  foot)  at  the  age  of  fifteen  days. 

Resistance  to  Wear. — The  durability  of  concrete  paving, 
curbing,  <fec,  depends  largely  on  the  aggregate.  This  ought 
to  be  hard  and  durable,  and  at  the  same  time  sufficiently 
rough  in  texture  to  permit  a  firm  adhesion  of  the  cement. 
In  England,  crushed  granite  (or  rather,  syenite)  undoubtedly 
enjoys  the  highest  reputation  in  this  respect ;  it  forms  the 
greater  part  of  nearly  all  artificial  flags  and  of  the  best 
in  situ  paving. 

The  relative  value  of  different  kinds  of  stone,  for  paving 
purposes,  was  ascertained  by  a  French  Public  Works  Com- 
mittee in  1880.  Their  experiments,  some  of  which  are 
tabulated  in  The  Builder  for  November  8,  1890,  showed 
that  quartzite  was  slightly  the  best  material,  but  was  very 
nearly  approached  by  quartz,  porphyries,  basalts,  and  traps. 
Taking  the  value  of  quartzite  to  be  100,  the  value  of  flints 
would  be  about  87,  of  granites  and  syenites  about  76,  and 
of  limestones  about  63. 

Different  stones  of  each  kind  of  rocks  vary,  of  course, 
greatly.    At  the  Paris  Exhibition  results  of  tests  of  paving 
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stones  were  recorded,*  which  showed  that  the  loss,  by 
abrasion,  of  igneous  rocks,  varied  from  0*72  to  4*30,  and 
of  sandstones  from  0*47  (quartzite)  to  6.54.  The  greatest 
variety  will  be  found  among  sandstones  and  limestones, 
and  in  selecting  aggregates  from  these  rocks,  the  weight 
and  crushing  strength  of  the  specimens  under  consideration 
should  be  compared,  as  these  will  give  a  rough  idea  of  their 
value.  The  coarseness  or  fineness  of  the  grain  of  the  stone 
has  apparently  little  to  do  with  its  resistance  to  abrasion. 

Of  the  igneous  rocks  much  used  in  England  for  paving, 
some  were  tested  by  abrasion,  and  reported  on  at  the 
Paris  Exhibition.  Their  relative  resistance  was  as  follows  : — 

Mountsorrel  (pink  syenite)  .  .  .100 

Guernsey  (dark-grey  syenite)  .  .85 

Aberdeen  (light-grey  granite)  .  ,  .  77 

Guernsey  (black  syenite)  .  .  .  .56 

All  except  the  last  were  better  than  the  average  of  the 
various  igneous  rocks  tested,  but  the  superiority  of  the 
Leicestershire  syenite  is  clearly  shown. 

*  See  The  Builder,  Oct.  19, 1889. 


CHAPTER  XII. 

PROPORTIONS  OF  INGREDIENTS. 

Indefinite  specifications — Separate  measurement  of  ingredients — 
Proportion  of  sand — Of  aggregate — Voids  in  aggregates  (Table 
XVII.)— Voids  in  sand— Mortar— Solid  concrete  (Table  XVIII.) 
— Quantity  of  concrete  produced  (Table  XIX.). 

Indefinite  Specifications. — The  specification  of  the  pro- 
portion of  the  various  ingredients  in  concrete  is  frequently 
ill-considered  and  indefinite.  Perhaps  the  most  common 
fault  is  the  neglect  to  demand  the  separate  measurement  of 
all  the  ingredients. 

Separate  Measurement  of  Ingredients. — We  often  see 
specifications  in  which  concrete  is  required  to  be  composed 
of  Portland  cement,  sand,  and  broken  stone  in  the  propor- 
tion of  1  of  cement  to  8  of  the  other  materials,  but  nothing 
whatever  is  said  as  to  whether  the  sand  and  broken  stone 
are  to  be  measured  separately  or  not ;  or  the  ingredients, 
perhaps,  must  be  Portland  cement,  sand,  and  gravel,  pro- 
portioned as  before,  and  nothing  is  said  as  to  whether  the 
sand  forming  part  of  the  gravel  has  to  be  screened  from  it 
so  that  the  sand' and  gravel  can  be  accurately  measured. 

It  may  be  thought  that  this  is  a  detail  of  little  im- 
portance ;  a  moment's  consideration  will  show  that  it  is  of 
great  importance. 

In  the  mixture  of  Portland  cement,  sand,  and  broken 
stone  mentioned  above,  it  would  be  to  the  contractor's 
interest  to  measure  the  sand  and  broken  stone  together  in 
a  box  having  eight  times  the  capacity  of  the  box  in  which 
the  cement  was  measured.  He  would  find  that  the  large 
box,  when  filled  to  the  top  with  broken  stone,  would  con- 
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tain  30  or  40  per  cent,  of  voids  between  the  stones,  and  ii 
would  be  a  great  saving  to  him  to  fill  these  voids  with  sand 
so  that  the  concrete  would  really  consist  of  1  part  of  cement 
and  (say)  3  parts  of  sand,  and  8  parts  of  broken  stone  oi 
a  proportion  of  1  to  11  if  .the  ingredients  are  taken 
separately.  It  needs  no  great  insight  to  see  that  a  1  to  8 
mixture,  in  which  the  proportions  are  1  cement,  H  (or  2) 
sand,  and  6±-  (or  6)  broken  stone,  will  be  stronger  than  the 
1  to  b  mixture  described  above. 

But  when  gravel  is  used,  there  is  an  added  uncertainty  • 
for  gravels  contain  variable  quantities  of  sand,  and  unless 
the  quantity  in  the  particular  gravel  specified  be  ascertained 
or,  better  still,  be  entirely  eliminated,  the  strength  of  the 
resultant  concrete  cannot  be  foretold  with  any  approxima- 
tion to  accuracy.    Ordinary  gravel  may  contain  from  30 
per  cent,  to  50  per  cent,  of  its  volume  of  sand.    Two  con- 
cretes specified  to  be  of  1  part  Portland  cement  and  8  parts 
gravel,  may  prove  considerably  different  in  strength  If 
the  gravel  contain  only  30  per  cent,  of  sand,  the°  mortar 
in  the  concrete  consists  of  1  part  of  cement  to  2-4  parts  of 
sand  ;  if  the  gravel  contain  50  per  cent,  of  sand,  the  mortar 
consists  of  1  cement  to  4  sand.    The  former  mortar  will  be 
50  per  cent,  stronger  than  the  latter,  and  experiments  have 
shown  that  the  transverse  strength  of  concrete  varies  very 
nearly,  other  things  being  equal,  as  the  strength  of  the 
mortar  in  which  the  coarse  ingredients  are  imbedded 

Proportion  of  Sand.— Two  series  of  most  interesting 
experiments,  demonstrating  the  truth  of  this  statement 
were  carried  out  by  Mr.  Darnton  Hutton,  at  the  Amster- 
dam Canal  Harbour  Works  in  1872  and  1878  *  The  tests 
were  made  because  the  concrete  blocks  were  not  as  hard 
and  strong  as  they  ought  to  have  been,  and  Mr.  Hutton 
came  to  the  conclusion  that  "  where  the  sand  was  very 
line,  the  less  sand  that  was  used  the  better." 

The  first  series  of  tests  was  made  with  1  to  9  con- 
cretes containing  various  proportions  of  Portland  cement, 

*  Proceedings  of  the  Inst.  O.  E„  vol.lxii.,  1879-80,  part  iv. 
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shingle,  and  sand.  Taking  the  transverse  strength  (at 
three  months)  of  a  mixture  of  1  Portland  cement  +  4  sand 
+  5  shingle  to  be  100,  we  find  the  strength  of  a  mixture 
of  1  +  3  +  6  to  be  121,  of  1  +  2  +  7  to  be  225,  of 
1  +  1  +  8  to  be  285,  and  of  1  +  0  +  9  to  be  no  less 
than  334. 

The  second  series  of  tests  was  made  with  concretes  con- 
taining uniformly  1  part  of  cement  and  5  parts  of  shingle, 
but  various  quantities  of  sand.  Taking  the  transverse 
strength  (at  four  and  a  half  months)  of  a  mixture  of  1  Port- 
land cement  +  4  sand  +  5  shingle  to  be  100  as  before, 
we  find  the  strength  of  a  mixture  of  1  +  3  +  5  to  be  1 1 3, 
of  1  +  2  +  5  to  be  184,  of  1  +  1  +  5  to  be  289,  and 
of  1  +  0  +  5  to  be  no  less  than  361. 

A  comparison  of  the  ratios  existing  between  the  various 
concretes  in  the  two  series  reveals  the  fact  that  the  strength 
depends  almost  wholly  on  the  quantity  of  sand  mixed  with 
the  cement,  and  not  on  the  amount  of  coarse  material.  In 
other  words,  the  strength  of  concrete  varies,  within  certain 
limits,  according  to  the  strength  of  the  mortar  in  which 
the  aggregate  is  imbedded.  It  must  be  noticed  that  this 
is  true  within  certain  limits  only,  for,  although  little 
difference  is  noticeable  in  the  strength  of  sandless  concrete, 
whether  it  contains  9  parts  of  shingle  or  only  5,  yet,  if  the 
proportion  of  shingle  be  increased  beyond  9  parts,  the  limit 
will  soon  be  reached  at  which  the  neat  cement  becomes  too 
small  in  bulk  to  form  a  film  between  all  contiguous  surfaces 
of  the  shingle,  and  dry  joints  remain,  which  are,  of  course, 
a  source  of  weakness. 

Concrete,  however,  is  seldom  used  in  large  masses,  with 
a  matrix  of  neat  cement,  partly  because  of  the  cost  of  such 
concrete,  but  also  because  of  its  porosity  and  the  greater 
care  required  in  its  manipulation.  In  Mr.  Hutton's  experi- 
ments, the  blocks  without  sand  were  full  of  holes  outside, 
and  not  by  any  means  homogeneous  inside ;  those  contain- 
ing only  one  part  of  sand  were  also  honeycombed,  although 
not  to  as  great  an  extent  as  the  foregoing.  The  "  shingle/ 
it  must  be  said,  was  not  "absolutely  free  from  sand." 


PROPORTIONS  OF  INGREDIENTS.  133 


Fig.  3,  page  74,  shows  graphically  the  strength  of 
different  mortars  at  different  ages.  Roughly  speaking,  it 
may  -  be  said  that  the  strength  of  Portland-cement  mortar 
1  to  1  is  §  that  of  the  neat  cement,  1  to  2  is  |,  1  to  3  is  \, 
and  1  to  4  rather  over  \.  Beyond  this,  the  ratio  gives 
results  much  too  low,  but  the  rule  is  correct  enough  within 
the  limits  named,  and  no  one  would  think  of  using  con- 
crete with  any  greater  proportion  of  sand  to  cement  than 
4  to  1.  Indeed,  a  much  smaller  proportion  of  sand  is 
invariably  used  nowadays.  It  is  false  economy  to  use  too 
much  sand. 

The  importance  of  this  point  is  now  so  well-known  that 
many  engineers  consider  that  even  Portland-cement  con- 
crete should  never  have  a  weaker  mortar  than  1  to  2,  and 
some  object  to  use  a  mortar  weaker  than  1  to  Con- 
crete made  with  Roman  cement  should  have  the  cement 
and  sand  in  equal  proportions,  or,  in  any  case,  the  sand 
should  not  exceed  the  cement  more  than  50  per  cent. 
Lias  and  Selenitic  limes  are  usually  mixed  with  equal 
quantities  of  sand. 

But  different  proportions  of  sand  are  required  for  different 
purposes;  where  strength  is  required  the  least  possible 
quantity  of  sand  should  be  used ;  when  imperviousness  to 
water  is  required,  a  greater  quantity  of  sand  is  necessary. 

Proportion  of  Aggregate. — The  proportion  of  aggre- 
gate that  may  be  allowed  in  concrete  varies — 1,  according  to 
the  matrix  employed,  2,  according  to  the  purpose  for 
which  the  concrete  is  required,  and  3,  according  to  the 
nature  and  condition  of  the  aggregate  itself. 

1.  A  greater  proportion  of  aggregate  may  be  used  with 
Portland  cement  than  with  any  other  matrix.  For,  while 
plaster  of  Paris  and  allied  cements,  and  Roman  cement,  are 
seldom  used  with  more  than  3  or  4  volumes  of  aggregate 
(besides  sand),  Lias  limes  with  more  than  4  or  5,  and 
Selenitic  limes  with  more  than  5  or  6,  Portland  cement  has 
frequently  been  used  with  10  or  12  times  its  bulk  of 
aggregate,  and,  in  the  hearting  of  walls,  with  a  still 
greater  proportion. 
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2.  The  purpose  for  which  the  concrete  is  required,  is  the 
most  important  factor  in  determining  the  amount  of  aggre- 
gate, but  this  part  of  the  subject  will  be  left  for  considera- 
tion in  succeeding  chapters  on  foundations,  floors,  walls, 
and  other  purposes  for  which  concrete  is  used. 

3.  In  the  preceding  chapter,  an  attempt  was  made  to 
ascertain  the  relative  values  of  different  kinds  of  aggregate. 
Table  XVI.,  page  127,  shews  that  the  crushing  strength  of 
concrete,  made  with  Portland  stone  and  cement  in  the  pro- 
portion of  10  to  1,  is  as  great  as  that  of  pottery-concrete 
8  to  1,  and  better  than  either  ballast-concrete  or  flint-con- 
crete 6  to  1.  Granite-concrete  8  to  1  appears  to  be  about 
equal  to  ballast-concrete  7  to  1. 

The  cleanliness,  and  variety  of  shape  and  size  of  the 
aggregate,  and  the  proportion  of  voids  in  it,  also  affect  the 
quantity  that  may  be  used.  The  importance  of  cleanliness 
has  already  been  shewn,  and  the  method  of  obtaining  it  by 
washing  will  be  considered  in  the  next  chapter. 

Voids  in  Aggregate. — The  object  usually  aimed  at  in 
proportioning  the  ingredients  of  concrete  is  to  obtain  an 
aggregate  containing  the  least  possible  quantity  of  voids  or 
interstices,  and  to  add  to  this  sufficient  mortar  to  fill  these 
voids,  with  about  10  per  cent,  in  addition  to  allow  for  the 
mortar  joints  and  for  imperfect  mixing. 

The  method  of  ascertaining  the  voids  in  any  aggregate  is 
simple  : — Fill  a  watertight  box  of  known  capacity  with 
damp  aggregate,  shaking  it  well  during  the  operation ; 
then  add  sufficient  water  to  fill  it  to  the  brim.  The  water 
must  be  poured  from  a  vessel  of  known  capacity,  so 
that  the  quantity  actually  poured  into  the  box  may  be 
ascertained.  This  quantity  is  the  measure  of  the  voids  in 
the  aggregate.  The  voids  in  sand  can  be  ascertained  in  a 
similar  way. 

Another  method  is  to  weigh  a  certain  quantity  (say, 
1  cubic  foot)  of  the  broken  material  and  compare  it  with 
the  weight  of  a  similar  quantity  of  the  same  material 
unbroken.  The  difference  in  weight  divided  by  the  weight 
of  the  solid  stone,  gives  the  proportion  of  voids  in  the 
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broken  material ;  thus,  if  a  cubic  foot  of  solid  granite  weigh 
168  lbs.,  and  a  cubic  foot  of  crushed  granite  weigh  112 
lbs.,  the  difference  in  weight  is  56  lbs.;  divide  this  by 
168,  and  we  find  the  proportion  of  voids  in  the  crushed 
granite  to  be  one-third  its  bulk. 

It  will  sometimes  happen  that  the  voids  in  the  aggregate 
are  so  large  that  the  filling  of  them  entails  either  a  very 
weak  mortar  or  an  extravagant  amount  of  cement.  In  such 
cases,  the  aggregate  is  at  fault,  and  the  fault  will  as  a 
rule  be  that  the  aggregate  is  of  too  uniform  a  size.  The 
least  quantity  of  voids  will  be  found  in  those  aggregates 
which  contain  pieces  of  various  sizes,  and  machine-broken 
material  usually  fulfils  this  condition  better  than  hand- 
broken. 

It  is  impossible  to  state  definitely  what  will  be  the  voids 
in  various  aggregates,  as  so  much  depends  on  the  shape 
and  size  of  the  pieces,  and  on  the  method  of  measurement. 
The  following  table  shews  that  the  voids  in  sandless  aggre- 
gates may  vary  from  24  to  51  per  cent,  of  the  total 
volume,  and  these  are  probably  not  the  extreme  limits  of 
variation. 

The  tests  by  Mr.  Sandeman  are  of  particular  interest. 
They  seem  to  shew  (1)  that  flat  oblong  pieces  tend  to 
create  greater  voids  than  more  cubical  or  rounded  pieces, 
(2)  that  aggregates,  consisting  entirely  of  large  stones,  con- 
tain a  large  percentage  of  voids,  (3)  that  large  stones  and 
flat  oblong  stones  may  be  added  to  good  aggregates  con- 
sisting of  stones  of  various  smaller  sizes,  without  detriment, 
(4)  that  good  gravel,  screened  free  from  sand  but  contain- 
ing pebbles  and  stones  of  all  sizes  up  to  2|  inches, 
contains  a  very  small  percentage  of  voids,  (5)  that  the 
least  percentage  of  voids  is  found  in  aggregates  contain- 
ing stones  of  the  most  various  sizes,  from  coarse  sand 
upwards. 

Tests  Nos.  3  and  7  are  very  instructive.  They  shew 
that  the  coarse  open  aggregates  1  and  5,  mixed  with  the 
fine  compact  aggregates  2  and  6,  yield  a  mixture  only 
slightly  inferior  to  the  latter. 
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The  test  No.  8  is  one  of  a  series  given  by  Lieut. -Col. 
Gillmore  in  his  book  on  "  Limes,  Hydraulic  Cements  and 
Mortars."    He  succeeded  in  obtaining  aggregates  with  a 

Table  XVII. — Proportion  of  Voids  in  Various  Aggregates. 


6      Nature  of  Material. 

Welsh  Limestone, 
crushed  into  irregu 
lar  flat  oblong  pieces 

Gravel,  screened  free 
from  sand. 

3  Nos.  1  and  2  mixed 
in    equal  propor- 
tions. 
Anglesea  Limestone , 
mason's  shivers, 

Runcorn  Red  Sand- 
stone, broken  by 
hand. 

do 

Nos.  5  and  6  mixed 
in    equal  propor 
tions. 
8 1 Equal  mixture  of — 

a.  Limestone,  

b.  ^m-^screened 
free  from  sand. 


9  Stone   

10  „   

11  >,   

12  Sh  '(7igle   

13  Thames  Ballast, 
containing  sand 


:} 


Size  of  Pieces. 


Weight  per 
cub.  ft. 
in  lbs. 


To  pass  3-inch 
ring  when 
gauged  nar- 
rowest way. 

Small  pebbles 
up  to  2J-inch 
ring. 

Small  pebbles 
to  3-inch  ring 

Small  gravel 
up  to  4-inch 
ring. 

From  4  to  8- 
inch  ring. 

From  sand  to 
4-inch  ring. 

Sand  to  8-inch 
ring. 

All  sizes  below 
2-inch  cubes. 

From  size  of 
pea  to  hen's 
egg. 

Up  to  2J-inch 


2 

1J 


95 

111-5 
113*5 

90-  5 

74 
92 

91-  5 


Percent- 
age of 
Voids. 


50-9 

33-6 

34 

48 

50 
34 
36 

24 

37 

39 
42 
33 

17 


Authority. 


Sandeman. 


Gillmore. 


Kivington's 
"  Notes." 
» 


minimum  percentage  of  voids.  Ordinary  limestone  was 
crushed  by  a  Blake's  stone-breaker  into  pieces  of  all 
sizes  below  2-in.  cubes  and  of  various  shapes ;  and  gravel 
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was  obtained  from  the  sea-shore,  consisting,  after  the  sand 
had  been  screened  out,  of  pieces  varying  "  from  the  size 
of  a  pea  to  that  of  a  hen's  egg."  He  found  that  the 
least  amount  of  voids  occurred  in  those  mixtures  which 
contained  15  measures  of  gravel  and  from  11  to  15 
measures  of  broken  stone.  The  worst  mixture  (15  to 
27)  contained  only  30  per  cent,  of  voids ;  the  best  (15  to 
13)  contained  23  per  cent. 

This  is  a  vast  improvement  on  the  voids  mentioned 
above  for  broken  stone  of  nearly  uniform  size.  Solid 
concrete  made  from  the  latter  would  be  20  to  30  per  cent, 
weaker  than  that  made  from  the  former,  while  the  cost  of 
the  two  would  be  practically  the  same. 

Voids  in  Sand. — The  voids  in  any  sand  vary  largely 
according  to  the  moisture  it  contains.  Sand,  slightly 
damp,  may  contain  more  voids  than  when  dry,  but  very 
wet  sand  may  contain  less.  Rounded  grains  induce  smaller 
cavities  than  angular,  and  those  in  turn  than  flat.  Diffe- 
rent methods  of  measurement  also  disclose  apparent  dis- 
crepancies. 

Sand  consisting  of  grains  of  uniform  size,  contains  50 
per  cent,  of  voids,*  and  sand  consisting  of  unequal  grains 
may  contain  only  36  percent.  Eoughly  speaking,  there- 
fore, the  percentage  of  voids  in  either  sand  or  aggregate, 
varies  from  one-half  to  one-third  the  volume  in  each 
case. 

Mortar. — In  calculating  the  amount  of  mortar  required 
to  fill  the  interstices  in  any  aggregate,  due  allowance  must 
be  made  not  only  for  the  voids  in  the  sand  itself,  but  also 
for  the  shrinkage  in  both  the  sand  and  the  cement  when 
these  are  mixed  with  water. 

Roughly  speaking,  the  bulk  of  Portland  cement  is, 
according  to  Mr.  Sandeman,  reduced  10  per  cent.,  and  of 
sand  20  per  cent.,  by  mixing  with  water,  and  the  contrac- 
tion in  volume  caused  by  mixing  cement  and  sand  together, 
is  about  5  per  cent.    According  to  Mr.   Sandeman,  a 


*  See  page  113,  chapter  x. 
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further  contraction  of  4  per  cent,  takes  place  during  the 
setting  of  the  mortar.*  From  these  data,  we  may  cal- 
culate that  cement  and  sand  (1  to  1)  will  produce  mortar 
about  76  per  cent,  of  their  volume,  (1  to  2)  about  74  per 
cent.,  and  (1  to  3)  about  73  per  cent. 

Other  experiments  by  different  operators  shew  that  these 
figures  are  only  approximate ;  for  instance,  the  shrinkage 
of  Portland  cement  on  being  made  into  mortar  is,  by  some, 
estimated  to  be  not  less  than  15  per  cent. 

Solid  Concrete. — With  ordinary  aggregate  consisting  of 
fragments  of  various  shapes  and  sizes,  and  containing  about 
33  per  cent,  of  voids,  the  following  mixtures  will  produce 
solid  concrete  : — 


Table  XVIII.— Proportion  of  Dry  Ingredients  (in  volumes) 
to  Produce  Solid  Concrete. 


Portland  cement  

1 

1 

1 

1 

1 

1 

1 

2 

n 

3 

3 

4 

5 

6 

7 

8 

But  as  we  have  already  shown,  solid  concrete  does  not 
necessarily  offer  a  greater  resistance  to  tensile  or  transverse 
stress  than  does  porous  concrete ;  resistance  to  these 
stresses  depends  rather  on  the  strength  of  the  mortar,  pro- 
vided always  that  there  is  enough  mortar  to  coat  the  whole 
surface  of  every  fragment  of  aggregate,  so  that  the  pieces 
shall  always  have  a  film  of  mortar  between  them. 

Where  impervious  concrete  is  required,  it  is  necessary 
not  only  that  the  voids  in  the  aggregate  be  completely 
filled  by  the  mortar,  but  also  that  the  voids  in  the  sand  be 
completely  filled  by  the  cement.  To  allow  for  imperfect 
mixing  and  for  the  coat  of  mortar  between  the  fragments 

*  We  have  already  seen  that  good  Portland  cement  neither  con- 
tracts nor  expands  to  any  ordinarily  appreciable  extent,  during  its 
setting  and  hardening.  This  further  contraction  of  4  per  cent.  ought 
perhaps  to  be  considered  due  to  the  condensing  effect  of  water  on 
the  mixture  of  sand  and  cement. 
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of  the  aggregate,  an  excess  of  mortar  equal  to  at  least  10 
per  cent  of  the  voids  in  the  aggregate  must  be  used,  and 
to  allow  for  the  film  of  cement  coating  each  grain  of  sand 
an  excess  of  cement  equal  to  10  per  cent,  of  the  voids  of 
the  sand  must  be  used.  The  sand  also  may  contain  finer 
grains  than  would  be  the  case  if  strength  and  not  imper- 
viousness  were  aimed  at. 

Quantity  of  Concrete  Produced.— We  have  seen  that 
sand  and  cement  shrink  in  bulk  on  being  made  into  mortar, 
in  the  same  way,  when  cement,  sand,  and  aggregate  are 
mixed  together,  the  bulk  of  concrete  produced  is  less  than 
the  bulk  of  the  several  ingredients.  The  amount  of 
shrinkage  varies  according  to  the  voids  in  the  materials, 
according  to  their  wetness  when  measured,  according  to 
the  proportion  in  which  the  materials  are  mixed,  and 
according  to  the  amount  of  ramming  to  which  they  are 
subjected.  J 

If  the  aggregate  contain  little  voids,  and  the  sand  and 
cement  be  about  10  per  cent,  in  excess  of  these  voids,  the 
measure  of  the  aggregate  may  be  taken  as  the  measure  of 
the  finished  concrete.  Frequently,  however,  the  finished 
concrete  measures  even  less  than  the  aggregate,  because 
the  latter  contains  an  amount  of  voids  in  excess  of  the 
mortar,  and  these  voids  are  to  a  great  extent  eliminated  by 
ramming.  Where  an  excess  of  sand  is  used,  the  finished 
concrete  will  measure  more  than  the  aggregate. 

No  hard-and-fast  rule  can  be  laid  down  as  to  the  amount 
of  concrete  which  will  be  produced  by  different  materials. 
Moist  Thames  ballast,  when  made  into  concrete  with  lime 
or  cement  but  without  further  admixture  of  sand,  appears 
to  shrink  from  0  to  10  per  cent.  If  the  materials  are  dry 
when  measured,  the  shrinkage  may  reach  15  or  more  per 
cent.  The  results  of  a  careful  test  by  Mr.  Wm  Kidd  are 
given  m  the  Proceedings  of  the  Inst.  C.  R,  for  1890-1 
(part  III.),  and  as  they  throw  considerable  light  on  the 
whole  of  the  subject  treated  in  this  chapter,  we  reproduce 
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Table  XIX. — Composition  of  Conceete  Block. 


Materials. 

Measurement  of 
dry  material. 

Interstices 

to  be 
deducted. 

Net  solid 
material. 

|  Per 
cent,  of 
finished 
block. 

Sand,  coarse  and  con- 
taining   small  pea 

/Of                7     j                        q  1 

Gravel,  to  pass  f-mch 
ring  

Slag,  to  pass  4-inch 
ring,  and  be  held  by 
1-inch  ring  

Totals... 

volumes. 
1 

1 
l 

2 

3 

cub.  ins. 
987-58 

987-58 
493-79 

2962-74 

cub.  ins. 
144-78* 

236-35 
160-37 

1458  70 

cub.  ins. 
842-80 

751-23 
333-42 

1504-04 

26-9 

24-0 
10-7 

48-0 

6* 

5431-69 

2000-20 

3431-49 
298-49 
3133-00 

109-6 
9-6 

\  100 

Deduct  settlement  after  mixingf  

The  water  used  in  mixing  the  ingredients  measured  394*27 
cub.  ins. 

The  finished  block  measured  less  than  58  per  cent,  of 
the  total  dry  ingredients  measured  separately,  and  nearly 
10  per  cent,  less  than  the  bulk  of  the  gravel  and  slag 
measured  separately.  The  gravel  and  slag,  if  measured 
together,  would  probably  have  been  very  nearly  of  the 
same  bulk  as  the  finished  concrete. 

Mr.  Robert  Pickwell,  A.M.I.C.E.,  found  that  1  cub.  ft. 
Portland  cement  +2*5  cub.  ft.  sand  +  7*5  cub.  ft.  slag 
broken  to  pass  a  2|-inch  ring  and  including  the  dust  formed 
in  crushing,  yielded  7  3  cub.  ft.  concrete,  i.e.  the  finished 
concrete  was  practically  equal  in  bulk  to  the  broken  slag. 
Mr.  F.  N.  Thorowgood  found  that  1  cub.  ft.  Portland  cement 
+  2*5  cub.  ft.  sand  +  6*17  cub.  ft.  broken  stone,  yielded 
6*94  cub.  ft.  concrete. 

*  Shrinkage  after  wetting,  equivalent  to  14-6  per  cent. 

t  Presumably  this  represents  the  extent  of  the  error  in  Mr.  Kidd's 
calculations,  as  the  "net  solid  material"  is  not  of  a  compressible 
nature. 
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THE   MANUFACTURE  OF  CONCRETE. 

Care  and  skill  necessary — Breaking  the  aggregate — Size  of  aggregate 
— Washing  the  aggregate — Measuring  the  ingredients — Mixing, 
by  hand  and  by  machine, — Portland  Cement^  Lias  Lime, 
Selenitic  Lime  —  Concrete-Mixing  Machines  —  Depositing  — 
Packing — Ramming — Layers — Protection  during  setting. 

Care  and  Skill  Necessary. — We  are  sometimes  told 
that  one  of  the  advantages  of  using  concrete  is  that  skilled 
labour  is  not  required,  but  that  anyone  who  can  handle  a 
spade  can  make  it.  This  is  only  half  the  truth,  and  like 
all  half-truths,  it  is  dangerous  :  concrete-making  can  un- 
doubtedly be  carried  out  almost  entirely  by  labourers,  but 
— and  it  is  an  important  reservation — there  must  be 
continual  intelligent  supervision.  There  is  nothing  which 
the  architect  has  to  use,  which  requires  more  careful 
superintendence  than  concrete,  and  perhaps  this  is  one 
reason  why  it  has  come  so  slowly  into  use.  Concrete  of  a 
sort  may  be  easily  made,  but  it  is  not  easy  to  make  really 
good  concrete.  Each  ingredient  must  be  tested  or  strictly 
examined,  and  further,  every  process  in  the  manufacture 
must  be  closely  watched.  For,  however  good  the  ingredi- 
ents may  be,  the  resultant  concrete  may  be  little  better 
than  consolidated  gravel  or  broken-stone,  unless  the 
measuring,  mixing,  depositing,  ramming,  and  protection 
during  setting,  be  carefully  attended  to. 

Breaking  the  Aggregate. — For  small  quantities  of 
concrete,  stone  and  brick,  &c,  are  usually  broken  by  hand 
with  ordinary  stone-breakers'  hammers,  but  when  large 
quantities  are  required  machines  are  preferable,  as  they 
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effect  a  saving  of  both  time  and  money.  This  is  especially 
the  case,  when  the  aggregate  is  very  hard,  as  granite  or 
syenite.  Besides  this,  the  stones  broken  by  hand  are  too 
uniform  in  size  to  make  the  best  concrete  ;  experiments 
have  shewn  that  machine-broken  stones  give  better  results. 

There  are  several  kinds  of  stone-breakers  made  now-a- 
days,  from  the  hand-power  machine  which  one  man  can 
work,  to  the  powerful  steam-driven  machine  which  will 
turn  out  about  ten  tons  of  2 -inch  cubes  in  an  hour. 

The  most  common  kind  of  machine  is  of  the  "  Blake  " 
type,  in  which  the  stone  is  cracked  between  a  jaw  (moving 
backward  and  forward)  and  a  fixed  part  of  the  machine. 
The  original  "  Blake "  patent  has  expired,  and  several 
modifications  of  it  are  now  made  by  various  manufacturers. 
Machines  of  this  type  exert  a  direct  crushing  stress  on  the 
stone,  and  produce  less  dust  than  machines  which  have  a 
grinding  action;  as  dust  detracts  from  the  strength  of 
concrete,  this  feature  of  the  jaw-crushers  is  an  advantage. 

Among  the  various  machines  of  this  type  is  the  one 
illustrated  by  Figs.  4  and  5,  known  as  the  "Simplex 
Combined  Stone-Breaker/'  and  patented  by  Messrs.  S. 
Mason  k  Co.  of  Leicester,  in  1884.  By  changing  the  posi- 
tion of  the  driving-wheel,  and  by  using  different  faces  to 
the  crushing  jaws,  the  machine  can  be  used  for  different 
kinds  of  work.  When  arranged,  as  shewn  in  Fig.  4,  it  has 
a  direct  cracking  motion ;  in  Fig.  5  it  has  a  grinding 
motion.  The  former  is  useful  for  ordinary  concrete ;  the 
latter  is  adapted  for  the  production  of  smaller-sized 
aggregates,  as  for  paving,  &c,  but  as  the  pieces  produced 
vary  considerably  in  size,  they  ought  to  be  passed  through 
a  screen  on  leaving  the  machine,  so  that  the  suitable  pieces 
can  be  automatically  separated  from  the  remainder. 

The  machine,  when  arranged  as  shewn  in  Fig.  4,  has  the 
driving  wheel  attached  to  the  lower  shaft  (marked  14). 
The  middle  portion  of  this  shaft  is  eccentric,  and  conse- 
quently the  revolution  of  the  shaft  causes  a  forward  and 
backward  motion  of  the  "  pitman "  (6) ;  the  movable 
toggle  (4)  is  bolted  to  the  pitman,  its  projection  (and 
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consequently  the  opening  between  the  crushing  jaws,) 
being  altered  as  required  by  means  of  loose  strips  of  iron, 
as  shewn  between  the  numerals  (4)  and  (6).  The  nose  of 
the  toggle  fits  into  a  groove  in  the  back  of  the  jaw- 
stock  (1),  and  communicates  its  forward  and  backward 
motion  to  the  latter.  If  the  nose  of  the  toggle  be  inserted 
in  the  bottom  groove,  the  movement  of  the  jaw  will  be 
only  small,  and  the  machine  will  be  in  the  best  form  for 
cracking  hard  stone.  If  the  toggle  be  inserted  in  the 
uppermost  groove,  the  motion  will  be  nearly  doubled,  and 


Fig.  4.— Simplex  Combined  Stone-Breaker,  with  Cracking  Motion. 

the  machine  will  then  be  best  adapted  for  breaking  soft 
stone. 

The  jaw-stock  swings  on  the  upper  eccentric  shaft  (13), 
and  has  a  corrugated  face  (2)  of  chilled  cast-iron  secured  to 
it.  ^  Opposite  the  face-jaw  is  a  similar  "  fast "  jaw  (3),  kept 
against  the  frame  of  the  machine  by  a  wedge-plate  (10)  at 
each  side  of  the  mouth.  The  jaw-stock  is  kept  against  the 
toggle  by  means  of  the  spring  (11). 

When  the  machine  is  arranged  as  shewn  in  Fig.  5,  the 
revolution  of  the  upper  eccentric  shaft  (13)  causes  an  up- 
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and-down  motion  in  the  jaw-stock  (1),  while  at  the  same 
time  the  toggle  induces  a  slight  forward  and  backward 
movement.  The  jaw-stock  has  therefore  a  rotary  or 
grinding  action.  The  jaws,  it  will  be  noticed,  differ  in 
section  from  those  shewn  in  Fig.  4. 

In  both  machines  the  lumps  of  stone  are  fed  into  the 
mouth  above  the  numeral  (10),  and  after  being  crushed, 
the  pieces  pass  out  of  the  shoot  at  the  bottom.    To  this  a 


Fig.  5. — Simplex  Combined  Stone-Breaker,  with  Grinding  Motion. 

cylindrical  screen,  perforated  with  holes  increasing  in  size 
from  the  machine  to  the  outlet  of  the  screen,  can  be 
attached,  and  the  pieces,  which  are  too  large  to  be 
used  in  the  concrete,  can  be  returned  to  the  machine  by 
means  of  elevators  or  otherwise,  or  can  be  reduced  by 
passing  them  through  a  roller  mill. 

Another  kind  of  stone-breaking  machine  is  of  the 
"  coffee-mill "  type.  Machines  of  this  class  consist  of  a 
hollow  corrugated  cylinder,  (or  cone  with  base  upwards,)  in 
which  a  solid  corrugated  cone  is  placed  base  downwards, 
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the  base  of  the  cone  being  slightly  less  than  the  internal 
diameter  of  the  cylinder.  A  vertical  shaft  passes  through 
the  centre  of  the  cone,  and  works  in  bearings  at  the  top  of 
the  machine.  The  bottom  of  the  shaft  rests  in  a  hole 
slightly  out  of  the  centre  of  a  heavy  horizontal  wheel, 
which  is  made  to  revolve  by  means  of  bevelled  cogs  or 
otherwise.  The  revolution  of  this  wheel  induces  an  oscilla- 
ting motion  in  the  cone  on  account  of  the  eccentricity 
of  the  bearing  of  the  latter.  The  stone  is  broken 
between  the  cone  and  the  cylinder  by  the  oscillation  of 
the  former. 

Machines  of  this  type  will  do  nearly  twice  as  much  work 
as  those  of  the  "  Blake  "  type,  but,  although  they  are  some- 
times used  for  the  hardest  stone  (as  for  syenite  at  Croft), 
they  are  better  adapted  for  softer  material.  The  crushing 
faces  of  these  machines  cost  much  more  in  renewals  than 
those  of  the  jaw  stone-breakers. 

A  third  class  of  machine  is  the  "  roller  "  mill.  In  this 
machine  two  chilled  cast-iron  rollers,  with  teeth  set 
chequerwise,  are  made  to  revolve  in  opposite  directions  by 
means  of  cog-wheels.  The  teeth  in  the  rollers  are  of 
different  sizes  and  distances,  according  to  the  size  of  the 
broken  stone  required. 

Such  machines  are  not  adapted  for  breaking  up  large 
lumps  of  stone,  but  are  usually  employed  in  conjunction 
with  a  jaw  stone-breaker  to  reduce  the  larger  pieces  which 
have  passed  the  latter.  No  stones  can  pass  through  a 
roller  mill  larger  than  the  size  to  which  the  roller-teeth  are 
set.  Boilers  can  be  had  for  crushing  stone  into  various 
sizes,  from  3  inches  down  to  \  in.  or  even  less. 

Size  of  Aggregate. — The  smaller  the  several  pieces  of 
the  aggregate  are,  the  smoother  will  be  the  surface  of  the 
finished  concrete,  but  a  small  aggregate  gives  weaker 
concrete  than  a  large  one,  with  the  same  amount  of  cement. 

The  size  of  the  largest  pieces  varies  in  different  specifica- 
tions and  for  different  purposes.  For  concrete  in  large 
masses,  as  in  breakwaters,  dock-walls,  &c,  it  is  best  to 
have  an  aggregate  ranging  up  to  a  considerable  size,  the 
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largest  pieces  being  such  as  will  just  pass  through  a  3, 
3£,  or  even  4-in.  ring. 

The  same  reasoning  we  employed  to  explain  the  advan- 
tages of  coarse  sand  over  fine  sand,  p.  Ill,  applies  to  the 
aggregate;  the  greater  the  number  of  pieces  in  a  given 
quantity  of  aggregate  the  larger  is  the  extent  of  surface  to 
which  the  mortar  has  to  adhere,  and  consequently  the 
greater  must  be  the  excess  of  the  mortar  over  the  voids. 
But  there  is  a  limit  of  size  which  it  is  not  advisable  to 
exceed.  This  limit  was  fixed  by  the  Metropolitan  Board  of 
Works  in  1872  at  2  in.  for  all  concrete  in  buildings,  but 
there  is  no  doubt  that,  for  foundations  and  walls  more 
than  12  in  thick,  an  aggregate  containing  some  larger 
pieces  would  prove,  strength  for  strength,  more  economical. 
Pieces  too  large  have  a  tendency  to  wedge  together  and 
to  leave  cavities  in  the  concrete ;  they  should  be  laid 
separately  by  hand  as  packing  in  the  different  layers. 

It  is  not  often  that  the  size  of  the  largest  pieces  of  the 
aggregate  is  allowed  to  exceed  4  in.,  even  for  concrete  in 
large  masses,  as  in  breakwaters.  For  the  foundations  and 
walls  of  buildings,  and  for  retaining  walls,  the  limit  of 
size  may  be  placed  at  3  in.,  or  one-sixth  the  thickness  of 
the  foundation  or  wall,  if  this  be  less  than  18  in.  and  more 
than  7  in.  In  London,  of  course,  the  maximum  limit  is 
fixed  at  2  in.  for  all  concrete  in  buildings.  For  walls  and 
floors  less  than  7  in.  thick,  the  limit  of  size  may  be  placed 
at  one-fifth  the  thickness  of  the  concrete.  For  the  surface 
coats  of  paving,  the  aggregate,  is  usually  broken  into  \  in. 
or  §  in.  cubes. 

A  word  of  warning  may  here  be  uttered  anent  the 
apparent  size  of  broken  stones.  To  the  unpractised  eye, 
they  always  look  smaller  than  they  really  are,  and  there  is 
great  difficulty  in  getting  labourers  to  break  the  stones 
small  enough.  An  aggregate  specified  to  pass  a  2 -in.  ring 
will  be  found,  if  broken  by  hand,  to  consist  largely  of 
pieces  which  would  barely  pass  a  3-in.  ring,  and  to  contain 
many  even  larger  fragments.  This  aggregate  is  in  many 
cases  tacitly  accepted  by  the  architect  or  clerk-of-works 
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without  being  submitted  to  any  test  whatever.  It  is  such 
a  simple  matter  to  pass  the  broken  stone  through  a  sieve 
or  screen,  that  architects  should  specify  it  to  be  done. 
Need  it  be  said,  that  a  good  clause  in  a  specification  ought 
to  be  strictly  enforced  ? 

Washing  the  Aggregate,  &c. — We  have  already  pointed 
out  the  dangers  which  may  arise  from  the  use  of  dirty  sand 
and  aggregates,  and  have  stated  that  these  can  be  obviated 
by  thoroughly  washing  them. 

The  washing  of  the  aggregate  can  most  conveniently  be 
done  immediately  before  mixing  the  concrete,  and  can  be 
carried  out  on  the  same  platform,  although  it  is  better  to 
have  separate  platforms,  as  the  slope,  which  is  required  in 
the  washing-platform,  may  cause  cement  to  be  carried  away 
if  the  platform  be  used  for  mixing  purposes.  The  washing- 
platform  may  be  of  boards  or  planks,  and  must  be  laid  with 
sufficient  inclination,  so  that  the  dirt  can  be  easily  removed 
by  the  water.  The  material  should  be  shovelled  backward 
and  forward  by  one  or  more  men,  an  ample  supply  of 
water  being  at  the  same  time  poured  upon  the  heap  by 
another  man.  Thorough  agitation  of  the  aggregate  and  a 
plentiful  amount  of  water  are  needed,  and  the  operation 
should  be  continued  until  the  effluent  water  shows  little 
trace  of  impurity. 

The  washing  of  the  aggregate  leaves  it  in  a  damp  state,  and, 
therefore,  in  the  best  condition  for  making  strong  concrete. 
Where  washing  is  not  adopted,  the  aggregate  ought  to  be 
sprinkled  with  water  before  using,  as  a  dry  aggregate  absorbs 
moisture  from  the  cement,  and  leaves  it  without  sufficient 
water  for  its  proper  induration. 

Pit-sand  and  sand  from  sluggish  streams  are  also  im- 
proved by  washing,  as  they  contain  earthy  matters,  clay, 
and  mud.  The  washing  cannot  be  carried  out  conveniently 
on  an  open  platform,  as  the  water  would  carry  away  a  great 
part  of  the  sand.  Sand-washing  machines,  for  hand  or 
steam-power,  can  be  obtained,  and  are  economical  where 
large  quantities  of  impure  sand  have  to  be  dealt  with. 
Where  this  is  not  the  case,  the  sand  may  be  placed  in  a  tub 
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or  trough,  into  which  a  stream  of  water  is  turned ;  the  sand 
must  be  well  stirred,  and  the  fine  impurities  will  be  carried 
away  by  the  overflowing  water. 

A  great  part  of  the  salt  contained  in  sea-sand  may  be 
eliminated  by  washing.  Mr.  E.  C.  Morgan  recommends 
the  following  method.  Fill  a  tub  with  the  sand,  and  into 
the  sand  push  a  small  iron  pipe  long  enough  to  reach  to  the 
bottom  of  the  tub  and  connected  at  the  other  end  by  an  india- 
rubber  pipe  to  the  water-main;  the  water  rises  through 
the  sand  and  flows  over  the  edge  of  the  tub,  gradually 
carrying  the  salt  with  it.  "  The  sand  should  be  washed  as 
soon  as  it  is  taken  from  the  beach."* 

The  washing  would  be  more  rapid  and  effectual,  if  the 
sand  were  agitated  during  the  process. 

Measuring. — The  various  ingredients  must  be  carefully 
measured  in  boxes  separately.  For  rough  work,  carried  out 
by  the  owner's  workmen,  the  aggregate  may  sometimes  be 
measured  with  sufficient  accuracy  in  wheel-barrows,  a  certain 
number  to  each  bag  of  cement.  But  for  all  concrete  which 
may  be  subjected  to  considerable  stress,  and  for  all  contract 
work,  each  ingredient  must  be  measured  in  a  box.  On  no 
account  must  any  deviation  from  this  rule  be  allowed,  for 
without  accurate  measurement  the  concrete  cannot  be  of 
uniform  strength — some  portions  will  have  too  much 
cement  and  some  too  little,  and  the  latter  will  be  the 
measure  of  the  strength  of  the  concrete.  And  in  addition  to 
this  lack  of  uniformity,  it  is  quite  possible  that  the  propor- 
tion of  cement  used  will  be  less  than  that  specified,  and  in 
this  case  the  whole  mass  suffers. 

The  quantity  of  concrete  which  can  conveniently  be 
mixed  by  hand  at  one  time  does  not  exceed  one  cubic  yard, 
but  it  is  better  to  mix  less  than  this,  especially  if  the 
concrete  be  fine  (as  for  thin  walls,  floors,  &c.)  or  the  cement 
be  quick-setting.  Having  decided  upon  the  amount  of 
aggregate  to  be  measured,  it  is  easy  to  calculate  the  size  of 
the  boxes  required  for  that  and  for  the  other  ingredients. 

*  G wilt's  "  Encyclopaedia  of  Architecture.,, 
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There  are  severals  methods  of  measuring  the  ingredients. 
Sometimes  a  bottomless  box  or  frame  is  used  for  the  aggre- 
gate, with  two  handles  on  opposite  sides,  and,  preferably, 
with  the  sides  sloping  inwards  to  facilitate  the  lifting  of  the 
frame  when  filled,  as  shown  in  Fig.  6.  This  is  laid  on  the 
mixing  board  and  filled  level  with  the  top  ;  upon  it  then  is 
placed  another  frame  of  the  same  length  and  breadth  but  of 
smaller  depth, — varying  according  to  the  specified  ratio 
between  cement  and  aggregate, — and  this  is  then  filled  with 
cement  and  struck  level  with  a  straight-edge. 

The  best  method,  is  to  fill  the  aggregate  into  a  measuring- 
frame  as  above,  then  place  on  it  another  of  suitable  depth 


and  fill  it  with  sand ;  lift  the  two  frames  by  the  handles  in 
their  ends,  and  the  sand  is  spread  over  the  aggregate  ;  the 
cement  must  be  measured  in  a  box  (with  a  bottom)  and 
emptied  over  the  heap.  For  instance,  in  the  case  of 
concrete  specified  to  be  composed  of  1  part  cement,  2  parte 
sand,  and  4  parts  broken  stone,  the  stone  could  con- 
veniently be  measured  in  a  frame  4  ft.  by  2  ft.  6  in.,  by 
2  ft.  deep,  the  sand  in  a  similar  frame  1  ft.  deep  (or  prefer- 
ably in  one  rather  deeper,  say  3  ft.  by  2  ft.  6  in.,  by  1  ft. 
4  in.  deep),  and  the  cement  in  a  proper  box  2  ft.  by  2  ft., 
by  1  ft.  3  in.  When  large  shallow  boxes  or  frames  are 
used,  there  is  more  liability  of  inaccurate  measurement. 


Fig.  6. — Measuring-Box. 
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In  exposed  situations,  the  mixing  should  be  done  under 
cover,  so  that  the  cement  may  not  be  carried  away  by  the 
wind. 

Mixing. — There  are  two  ways  of  mixing  concrete,  the 
"dry"  and  the  "wet."  In  the  former  all  the  ingredients 
are  mixed  together  before  any  water  is  added ;  this  is  the 
method  usually  adopted  in  England.  The  wet  method  is 
common  in  France  ;  and  consists  in  the  cement  or  lime,  and 
the  sand,  being  made  into  mortar  and  then  added  to  the 
broken  material.  The  name  beton  has  been  applied  to 
concrete  made  in  the  French  way.  For  cement-concrete 
the  English  method  is  the  better,  for  lime-concrete  the 
French  has  some  advantages. 

Concrete  can  be  mixed  either  by  hand  or  by  machinery, 
the  latter  for  large  quantities  being  considerably  more 
economical.  Mr.  Bernays,  in  1880,  recommended  the  mix- 
ing of  concrete  by  hand,  for  the  reason  that  machines  can- 
not be  fixed  as  near  the  place  of  deposition  or  moved  as 
easily  as  simple  wood  platforms  can  ;  at  the  same  time  he 
acknowledged  that  some  machines  did  their  work  perfectly. 
Since  that  time,  however,  machines  have  come  more  and 
more  into  use,  many  being  mounted  on  wheels,  so  that  Mr, 
Bernays's  objection  loses  most  of  its  weight.  Nowadays 
many  machines  are  employed  by  building-contractors, 
although  they  are  not,  of  course,  as  large  and  powerful  as 
those  used  in  harbour-works.  For  small  quantities  of  con- 
crete, mixing  by  hand  is  almost  invariably  adopted.  Experi- 
ments seem  to  show  that  concrete  mixed  in  a  good  machine 
is  stronger  than  hand-made  concrete  (See  Page  164.) 

Hand-mixing  requires  considerable  care.  The  points  to 
be  aimed  at  in  "  dry  "  mixing  are  the  following The 
platform  should  be  as  near  the  place  of  deposition  as 
possible ;  the  sand  and  the  broken  material  or  gravel  must 
be  turned  over  so  that  the  voids  in  the  latter  are  filled 
by  the  former  ;  the  cement  must  be  distributed  equally 
throughout  the  whole  ;  sufficient  water  must  be  added  so 
that  it  may  cause  the  cement  to  form  a  thin  film  around 
every  particle  of  sand  and  fragment  of  larger  material,  but 
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not  enough  to  wash  away  the  cement ;  with  quick-setting 
cement  the  operations  must  be  rapidly  completed. 

Fresh  cement  will  take  up  more  water  than  stale  cement. 
A  smaller  quantity  of  water  can  be  used  in  concrete  if 
this  be  well  rammed. 

Gillmore  is  right  when  he  says  that  concrete,  "  when  ready 
for  use,  should  appear  quite  incoherent,  containing  water, 
however,  in  such  quantities  that  a  thorough  and  hard 
ramming  will  produce  a  thin  film  of  free  water  upon  the 
surface  under  the  rammer  without  causing  in  the  mass  a 
gelatinous  or  quicksand  motion." 

Portland  Cement. — For  Portland-cement  concrete,  Mr. 
Grant  recommends  that  the  ingredients  be  turned  over  at 
least  three  times  dry,  the  water  then  added,  and  the  whole 
mass  turned  over  three  or  four  times  wet.  It  is  not  often, 
however,  that  so  much  manipulation  is  specified ;  more 
commonly  it  is  specified  that  the  materials  shall  be  turned 
over  twice  dry  and  twice  wet,  and  this  is  sufficient. 

Sometimes  the  operation  is  performed  entirely  with 
spades,  either  two  or  preferably  more  men  being  employed, 
and  the  heap  being  thoroughly  turned  over  by  them  in 
shovelling  it  from  one  part  of  the  mixing-platform  to 
another,  and  back  again ;  the  materials  have  thus  been  turned 
twice  dry.  Water  in  proper  proportion  is  then  sprinkled 
upon  the  heap  by  another  man  through  a  rose ;  if  the  water 
be  poured  from  pails,  it  is  probable  than  some  of  the  cement 
will  be  washed  away  and  that  excess  of  water  will  be  used. 
The  materials  are  again  turned  over  during  the  operation  of 
sprinkling,  and  after  a  fourth  turning  the  concrete  should  be 
ready  for  use. 

In  addition  to  the  two  or  more  men  with  spades,  another 
man  with  a  large  two-pronged  rake  is  frequently  employed 
to  rake  the  ingredients  to  and  fro  as  they  are  turned  by  the 
spades :  this  is  an  improvement  on  the  other  method. 

Sometimes  the  lime  or  cement,  and  sand,  are  first  care- 
fully mixed  and  afterwards  the  broken  stone  is  added,  the 
whole  mixture  is  then  well  turned  over  before  the  water  is 
added,  and  again  afterwards. 
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Lias  Lime. — This  method  has  much  to  recommend  it, 
and  is  indeed  specifically  enjoined  by  several  makers  of 
hydraulic  lime.  The  following  is  a  copy  of  the  "  Instructions 
to  Foremen,  Workmen,  and  others 99  issued  by  the  Barnstone 
Blue  Lias  Lime  Co.  : — 

"  1.  Provide  a  clean  floor  to  make  concrete  from  ground 
lime.  Measure  one  part  lime  and  one  part  clean  sand  or 
ashes  ;  mix  in  a  dry  state.  Measure  the  right  quantity  of 
broken  stone,  slag,  brick-ends,  or  ballast;  use  in  the 
following  proportions  : — 3  or  4  parts  stone  or  ballast  to  1 
part  lime  and  one  part  sand.  Spread  out  the  stones  or 
ballast  in  a  thin  layer ;  throw  the  dry  mixture  of  lime  and 
sand  or  ashes  over  the  rough  material ;  then  sprinkle  the 
whole  with  a  sufficient  quantity  of  water  to  make  the  mix- 
ture work,  and  turn  it  over  sharply  until  every  particle  of 
the  rough  material  is  coated.  It  should  then  be  quickly 
thrown  into  a  bed  and  well  rammed. 

"2.  Three  men  should  not  attempt  to  work  more  than 
half  a  bag  of  lime  at  once.  To  ensure  good  results  it  is  of 
great  importance  that  the  mixture  should  not  commence  to 
set  before  it  is  put  into  the  work. 

"  3.  In  cases  where  our  lime  is  used  below  water,  the 
water  should  be  kept  off  for  24  hours  or,  when  practicable, 
longer,  after  which  time  it  may,  at  the  contractor's  option, 
be  let  in ;  it  will  assist  in  hardening  the  concrete  or 
mortar. 

"4.  Great  care  should  be  taken  that  the  sand  and  ashes 
used  are  entirely  free  from  loam  or  dirt." 

The  last  clause  but  one  is  worded  in  a  most  mysterious 
manner.  The  first  clause,  it  will  be  noticed,  does  not  insist 
on  the  whole  of  the  ingredients  being  turned  over  dry ;  the 
necessity  for  this  is  not  so  great  seeing  that  the  sand  and 
lime  have  been  well  mixed  dry,  but  it  would  certainly  be  of 
advantage. 

Selenitic  Lime. — Selenitic  lime  requires  different  treat- 
ment from  any  other  lime  or  cement,  the  difference  con- 
sisting in  mixing  it  with  water  "to  the  consistency  of 
creamy  paste  "  before  it  is  brought  into  contact  with  either 
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sand  or  aggregate.  If  a  mortar-mill  is  available,  the 
following  method  is  recommended  by  the  Selenitic  Cement 
Co.  :— 

1st. — "  Pour  into  the  pan  of  the  edge-runner  4  full-sized 
pails  of  water  "  [about  1 2  gallons]. 

2nd. — "  Gradually  add  to  the  water  in  the  pan  2  bushels 
of  Selenitic  Lime,  and  grind  to  the  consistency  of  creamy 
paste." 

3rd. — "Throw  into  the  pan  2  bushels  of  clean  sharp 
sand,  burnt  clay,  ballast,  or  broken  bricks,  which  must  be 
well  ground  until  thoroughly  incorporated.  If  necessary, 
water  can  be  added  to  this  in  grinding,  which  is  preferable 
to  adding  an  excess  of  water  to  the  prepared  lime  before 
adding  the  sand." 

ith. — "Spread  12  or  14  bushels  of  broken  stone  or  other 
material  upon  the  mixing  platform  •  cover  these  with  the 
mortar  prepared  in  the  mill ;  and  turn  the  whole  two  or 
three  times  to  ensure  thorough  mixing." 

If,  however,  a  mortar-mill  is  not  available,  "  an  ordinary 
tub  (containing  about  30  or  40  gallons)  or  trough  with  outlet 
or  sluice  may  be  substituted."  The  modus  operandi  will  be 
somewhat  different. 

1st. — "Pour  into  the  tub  4  full-sized  pails  of  water." 

2nd. — "Gradually  add  to  the  water  2  bushels  of 
Selenitic  lime,  which  must  be  well  stirred  until  thoroughly 
mixed  with  the  water  to  the  consistency  of  creamy  paste." 

3rd. — "Measure  on  the  mixing  platform  2  bushels  of  sand, 
and  12  or  14  bushels  of  broken  stone  or  other  material,  and 
mix  these  dry." 

4:th. — "  Pour  the  lime-paste  upon  the  aggregate  and  turn 
the  whole  over  two  or  three  times." 

Concrete,  made  according  to  the  foregoing  instructions, 
will  consist  of  one  part  lime,  one  part  sand,  and  six  or  seven 
parts  broken  material,  and  will  be  suitable  for  ordinary 
foundations.  A  cubical  box,  measuring  (inside)  13  J  inches 
on  each  side,  contains  about  1  bushel. 

It  is  said  that  an  addition  to  selenitic  lime  of  one-sixth 
its  bulk  of  Portland-cement  quickens  the  setting. 
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Beton. — In  the  French  method  of  mixing  beton,  the 
lime  or  cement  and  sand  are  first  made  into  mortar,  and  this 
is  then  mixed  with  the  broken  stones,  &c.  When  lump  or 
shell  lime  is  employed,  this  system  is  the  best,  as  the  lime 
can  be  thoroughly  slaked,  and  then  ground  in  a  mortar  mill, 
thus  eliminating  the  danger  of  blowing  which  may  result 
from  the  hydration  of  coarse  particles  of  lime  after  the  fine 
portion  has  set.  The  mortar  may  be  mixed  in  the  proportion 
of  1  part  lime  or  cement  to  1 J  or  2  parts  sand. 

Lieutenant  Wright  thus  describes  the  operation  of  making 
beton  at  Boston  (U.S.A.)  : — "  The  concrete  was  prepared  by 
first  spreading  out  the  gravel  on  a  platform  of  rough  boards, 
in  a  layer  from  8  in.  to  1 2  in.  thick,  the  smaller  pebbles  at 
the  bottom  and  the  larger  on  the  top,  and  afterwards  spread- 
ing the  mortar  over  it  as  uniformly  as  possible.  The 
materials  were  then  mixed  by  four  men,  two  with  shovels 
and  two  with  hoes,  the  former  facing  each  other,  and  always 
working  from  the  outside  of  the  heap  to  the  centre,  then 
stepping  back  and  recommencing  in  the  same  way,  and  thus 
continuing  the  operation  until  the  whole  mass  was  turned. 
The  men  with  hoes  worked  each  in  conjunction  with  a 
shoveller,  and  were  required  to  rub  well  into  the  mortar  each 
shovelful  as  it  was  turned  and  spread,  or  rather  scattered, 
on  the  platform  by  a  jerking  motion.  The  heap  was  turned 
over  a  second  time  in  the  same  manner,  but  in  the  opposite 
direction,  and  the  ingredients  were  thus  thoroughly  incor- 
porated, the  surface  of  every  pebble  being  well  covered 
with  mortar.  Tivo  turnings  usually  sufficed  to  make  the 
mixture  complete,  and  the  resulting  mass  of  concrete  was 
then  ready  for  transportation  to  the  foundation.  The 
success  of  the  operation,  however,  depends  entirely  upon 
the  proper  management  of  the  hoe  and  shovel,  and 
though  this  may  be  easily  learned  by  the  labourer,  yet  he 
seldom  acquires  it  without  the  particular  attention  of  the 
overseer" 

Concrete-mixing  Machines. — Several  kinds  of  concrete- 
mixing  machines  have  been  invented.  Some  of  these  are 
made  in  sizes  small  enough  to  be  worked  by  hand,  but  the 
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most  usual  method  is  to  drive  them  by  steam-power.  Many 
concrete-mixing  machines  are  used  to-day  for  making  the 
concrete  required  in  the  foundations  and  floors  of  large 
buildings,  and  they  will  doubtless  come  more  into  use  when 
their  advantages  are  more  widely  known.  Machine-made 
concrete  is  more  thoroughly  and  rapidly  mixed  than  hand- 
made, and  for  considerable  quantities  it  is  much  cheaper. 
Besides  this,  machines  do  their  work  with  more  uniformity 
than  labourers,  and  constant  supervision  is  not  therefore  as 
necessary.  Probably  before  many  years  are  over,  architects 
will  specify  that  all  concrete  in  large  works  shall  be  mixed 
by  machinery.  Care  will,  however,  have  to  be  exercised  by 
architects  in  approving  concrete-machines,  as  many  of  these 
seem  designed  rather  to  turn  out  a  large  quantity  of  concrete 
than  to  insure  the  thorough  mixing  of  the  materials. 

One  of  the  first  machines  to  be  adopted  was  a  simple 
revolving  cylinder,  inclined  at  an  angle  of  6  or  8  degrees  to 
insure  the  forward  movement  of  the  concrete-materials.  It 
was  much  used  in  Germany  about  thirty  years  ago,  and  is 
the  germ  from  which  many  modern  machines  have  sprung. 
The  chief  advantage  of  this  type  of  machine  is  that  it  is 
continuous  in  action ;  the  measured  materials,  after  being 
turned  over  dry  on  the  mixing  platform,  can  be  continuously 
fed  into  the  cylinder  at  one  end,  and  without  cessation 
they  are  mixed  with  water  and  ejected  at  the  other  end. 
But  this  very  advantage  may  prove  to  be  a  disadvantage  if 
the  cylinder  be  inclined  too  much ;  for  in  this  case,  the 
materials  would  pass  out  of  the  machine  before  they  had 
been  thoroughly  mixed.  No  hard-and-fast  rule  respecting 
the  inclination  of  the  cylinder  can  be  laid  down,  as  it  must 
vary  according  to  the  character  of  the  concrete.  A  very 
small  aggregate  requires  a  greater  inclination  than  a  coarse 
one;  an  aggregate  containing  a  large  proportion  of  sand 
also  requires  a  greater  inclination  than  one  containing  little 
or  no  sand. 

It  was  soon  found  that  the  plain  inclined  cylinder  did 
not  mix  the  materials  properly,  and  an  improvement  was  at 
length  effected  by  riveting  three  or  four  dividing-plates  to 
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the  inside  of  the  cylinder.  These  turned  the  materials  over 
more  thoroughly.  Le  Mesurier's  Concrete  Machine  is,  we 
believe,  the  earliest  example  of  this  improvement. 

At  first,  the  dividing-plates  were  fixed  in  a  straight  line 
from  end  to  end  of  the  cylinder,  but  they  are  now  frequently 
arranged  in  a  spiral  form,  each  plate  making  about  half-a- 
turn  in  the  length  of  the  cylinder.  This  arrangement 
facilitates  the  ejection  of  the  concrete,  and  allows  the 
cylinder  to  be  retained  at  a  moderate  inclination. 


Fig.  7. — Messrs.  S.  Mason  &  Co.'s  Concrete-Mixer. 


A  further  modification  of  this  type  of  machine  is  shown 
in  Fig.  7,  which  represents  a  kind  of  concrete-mixer  made 
by  Messrs.  S.  Mason  &  Co.,  of  Leicester.  It  will  be  seen 
that,  in  this  machine,  the  mixing  vessel,  which  is  of  steel- 
plate,  is  really  not  a  cylinder,  but  the  frustum  of  a  cone. 
The  change  of  shape  is  designed  to  assist  the  passage  of  the 
materials,  and  is  of  advantage  especially  for  small  aggre- 
gates. Three  or  four  dividing-plates  of  3  in.  X  3  in.  angle- 
iron,  are  riveted  to  the  inside  of  the  cone,  and  run  straight 
from  end  to  end.  The  different  parts  of  the  machine  will 
be  understood  without  further  description.  Hand-power 
machines  of  this  kind  may  be  had  with  cones  6  ft.  long 
and  2  ft.  in  diameter  at  the  smaller  end,  and  steam-power 
machines  with  cones  from  6  to  9  ft.  long  and  2  ft.  or  2  ft. 
6  ins.  in  diameter. 

Waller's  machine  is  on  the  same  principle  as  the  inclined 
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cylinder-machines  already  described,  but  instead  of  a  cylinder 
with  dividing-plates,  he  uses  a  mixing-vessel  or  tube,  the 
cross-section  of  which  may  be  described  as  a  quatrefoil  or, 
perhaps  more  accurately,  as  a  Greek  cross  with  all  the 
angles  rounded.  As  the  tube  revolves,  the  materials  are 
turned  from  arm  to  arm  of  the  cross,  and  well  mixed 
together. 

"Ridley's  Concrete- Mixer  has  a  fixed  inclined  cylinder 
with  a  central  shaft  carrying  longitudinal  shelves,  which 
lift  the  materials  as  the  shaft  revolves,  and  mix  them 
together."  *  This  has  no  advantages  over  the  simpler 
machines  already  described. 

Stoney's  Concrete-Mixer  is  an  inclined  open  iron  trough, 
along  which  the  materials  are  forced  by  means  of  a  revolving 
shaft  carrying  blades  arranged  in  the  form  of  a  screw. 

The  second-class  of  concrete-mixers  includes  all  machines, 
by  which  the  mixing  is  effected  within  a  closed  revolving 
vessel.  In  these  the  action  is  not  continuous,  as  in  the 
foregoing  class  of  machines,  but  intermittent.  The  requisite 
quantity  of  materials  is  put  into  the  vessel,  which  is  then 
closed  and  made  to  revolve  a  certain  number  of  times,  the 
proper  number  being  ascertained  by  actual  experiment  for 
different  mixtures.  After  the  necessary  revolutions  have 
been  made,  the  vessel  is  opened  and  emptied. 

A  simple  machine  of  this  kind  was  used  in  constructing 
the  fortifications  on  Staten  Island,  New  York  Harbour,  in 
1870-1,  and  is  described  by  Gillmore  in  his  work  on 
"Limes,  Hydraulic  Cements  and  Mortars."  It  consisted 
of  a  cubical  wooden  box,  made  to  revolve  by  means  of  a 
shaft,  which  ran  diagonally  through  the  box  from  opposite 
corners.  The  box  measured  4  ft.  each  way,  and  was 
charged  with  about  36  cubic  feet  of  mortar  and  aggregate, 
measured  separately.  "  Eight  revolutions  of  the  box,"  says 
Gillmore,  "  made  in  less  than  one  minute,  are  found  to  be 
quite  sufficient  to  produce  the  most  thorough  incorporation 
of  the  mortar  with  the  broken  stone  and  gravel." 


*  Rivington's  "  Notes  on  Building  Construction,"  part  iii. 
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Instead  of  a  cubical  wooden  box,  Sykes's  machine  has  a 
short  iron  cylinder  with  a  door  at  each  end,  and  inclined  in 
such  a  manner  that  a  horizontal  shaft  passes  through  the 
upper  part  of  one  end  of  the  cylinder  and  the  lower  part  of 
the  other.  The  eccentric  position  of  the  shaft  causes  the 
cylinder  to  revolve  in  a  peculiar  manner,  the  materials  being 
tumbled  about  in  various  directions  and  so  mixed. 

Messenfs  Patent  Concrete- Mixer  consists  of  a  closed  box 
or  chamber  of  a  peculiarly  irregular  shape,  made  to  revolve 
on  an  axle.  Messrs.  Stothert  &  Pitt,  the  makers,  say  that, 
"  in  from  six  to  twelve  revolutions  (the  number  necessarily 
being  varied  according  to  the  weight  and  nature  of  the 
materials),  a  more  perfect  mixture  is  effected  than  can 
possibly  be  produced  by  hand." 

A  simple  apparatus,  described  by  Gillmore,  consists  of 
a  vertical  shoot  divided  into  several  compartments  by 
shelves  or  flaps  hinged  alternately  on  opposite  sides  of 
the  shoot ;  the  materials  are  placed  in  the  uppermost 
compartment,  and  the  flaps  are  then  dropped  to  an  angle 
of  about  45  degrees  by  means  of  levers,  so  that  the 
materials  fall  from  one  flap  to  another  until  they  reach  the 
bottom  in  a  state  ready  for  deposition.  This  apparatus 
does  not  appear  to  be  used  in  England,  and  probably  in 
America  it  has  been  superseded  by  machines  of  the  kinds 
already  described. 

Depositing. — The  mixing  ought  always  to  be  done  as 
near  as  possible  to  the  place  where  the  concrete  has  to  be 
used.  It  is  better  to  move  the  platform  or  machine  when 
these  would  be  more  than  about  thirty  yards  from  the 
point  of  deposition. 

For  foundations  in  shallow  trenches  the  concrete  can  be 
thrown  by  spade  straight  from  the  platforms,  if  these  are 
near  the  trenches,  or  can  be  wheeled  in  barrows  and  tipped. 
The  method  formerly  advocated  of  tipping  concrete  from  a 
height  of  three  or  four  yards  is  now  discountenanced,  for  the 
reason  that  the  larger  stones  in  falling  become  separated 
from  the  mortar  and  smaller  stones,  and  the  concrete  is  not 
therefore  homogeneous  and  uniform.    For  the  same  reason, 
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shoots  are  now  falling  into  disuse ;  a  shoot  has  also  the 
further  disadvantage  that  the  larger  stones,  on  account  of 
the  velocity  which  they  attain  in  passing  down  the  shoot, 
fall  some  distance  in  front  of  its  mouth;  whereas  the 
mortar,  sliding  gently  down,  drops  vertically  from  the 
mouth,  thus  counteracting  to  a  great  extent  the  labour 
bestowed  in  carefully  mixing  the  ingredients.  This  evil 
can  be  mitigated  by  turning  over  and  re-mixing  the  con- 
crete immediately  it  reaches  the  bottom  of  the  shoot,  but 
no  time  must  be  lost  either  in  the  original  mixing  or  in  the 
depositing  if  this  second  mixing  is  to  do  any  good. 

For  deep  trenches,  the  concrete,  if  it  cannot  be  mixed  in 
the  trench,  may  be  lowered  in  barrows  or  pails ;  sometimes 
it  is  carried  down  in  hand-barrows ;  more  frequently,  how- 
ever, it  is  tipped  from  the  surface,  as  the  cost  of  lowering  it 
is  not  thought  to  be  counterbalanced  by  the  advantages 
gained. 

For  walls,  floors,  &c,  it  can  best  be  carried  and  hoisted 
in  pails  or  barrows. 

The  concrete  ought  to  be  deposited  as  soon  after  mixing 
as  possible,  as  any  disturbance  of  the  mass,  after  the 
cement  has  begun  to  set,  detracts  from  the  ultimate 
strength.  Rapidity  of  execution  where  quick  -  setting 
cement  is  used,  is  a  point  which  must  be  carefully 
attended  to. 

For  depositing  concrete  under  water,  hoppers  or  shoots 
are  sometimes  used  ;  but  it  is  better  to  use  a  box  or  skip, 
so  arranged  that  its  contents  can  be  released  when  it 
touches  the  bottom,  either  automatically  or  by  pulling  a 
cord.  Into  the  details  of  such  work  and  of  the  bag  system 
it  is  not  our  province  to  enter.  We  may  just  say  that  con- 
crete, deposited  in  water,  ought  to  be  somewhat  richer  in 
cement  than  ordinary  concrete,  and  that  all  motion  of  the 
water  ought  to  be  prevented  if  possible  as  it  tends  to  wash 
away  the  cement. 

Packing. — Considerable  saving  can  be  effected  by  packing 
rough  stones  into  concrete,  while  it  is  being  deposited.  This 
can  only  be  done  of  course  when  the  concrete  is  in  large 
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masses,  as  in  foundations,  retaining  walls,  harbour-works, 
and  the  like.  Sometimes  the  "packing"  amounts  to  as 
much  as  25  per  cent,  or  more  of  the  total  bulk  of  the 
work. 

In  heavy  engineering  works,  some  of  the  stones  thus 
inserted  contain  a  cubic  foot  or  more,  but  in  buildings 
smaller  pieces  must  be  used  according  to  the  thickness  of 
the  wall  or  foundation.  Care  must  be  taken  that  none  of 
these  lumps  of  stone  are  placed  within  3  inches  or  4  inches 
of  the  face  of  the  wall  or  of  each  other,  and  the  concrete 
should  contain  a  proportionate  excess  of  mortar  in  order 
that  the  packing  may  be  properly  united  with  the  rest  of 
the  mass.  All  packing-stones  should  be  wetted  before  being 
laid  in  the  work. 

It  must  be  remembered  that  the  difficulties  of  superin- 
tendence are  much  increased  when  packing  is  specified,  as 
there  can  be  little  check  on  the  quantity  of  packing  which 
a  contractor  can  put  into  a  wall.  For  this  reason  it  is 
better,  in  contract  work,  where  the  constant  supervision  of 
a  clerk  of  works  is  not  available,  to  forbid  all  packing  and 
to  use  a  well-broken  aggregate,  irregular  in  shape  and  size, 
and  containing,  therefore,  as  small  a  quantity  of  voids  as 
possible.  In  this  way,  the  cement  will  bind  a  larger 
quantity  of  aggregate,  and  the  cost  entailed  by  forbidding 
packing  will  be,  to  some  extent,  reduced. 

Bamming. — The  advantage  of  suitable  ramming  or  pun- 
ning is  obvious.  It  compresses  the  concrete,  rendering  it 
more  solid  and  free  from  voids,  and  squeezes  out  all  super- 
fluous water.  We  have  seen  that  the  Romans  probably 
adopted  it.  Too  much  ramming,  however,  is  dangerous, 
as  it  may  be  continued  until  the  cement  has  begun  to 
set,  and  in  this  case  a  loss  of  strength  is  entailed.  For 
this  reason,  concrete  made  with  Roman  or  other  quick- 
setting  cement  ought  not  to  be  rammed  at  all. 

Mr.  E.  C.  Clarke  (1885)  "doubts  the  expediency  of 
punning  concrete,  except  when  used  in  thin  layers,  as  in 
pavement  work,  where  it  promotes  consolidation  and  adhe- 
sion.   In  other  cases,  unless  the  concrete  is  very  stiff, 
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punning  tends  to  separate  the  more  fluid  portions  and  to 
produce  strata  of  different  density,  and  also  disturbs  the 
setting."  Note  the  saving  clause — "unless  the  concrete 
is  very  stiff." 

Mr.  Grant,  however,  carried  out  a  series  of  experiments 
which  showed  conclusively  that  compression  increases  the 
strength  of  concrete.  He  declares  that  "for  blocks,  thin 
walls,  sewers,  arches,  floors  or  paving,  concrete  may  be 
punned  in  layers  with  advantage."  The  manufacturers  of 
artificial  stone  and  paving,  and  of  concrete  drain-pipes, 
almost  invariably  compress  the  raw  material  in  one  way 
or  another  in  order  that  the  goods  may  be  strong  and  im- 
pervious to  water. 

The  results  of  Mr.  Grant's  experiments  on  the  crushing 
strength  of  concrete  compressed  and  not  compressed  were 
given  in  Table  XVI,  p.  127.  The  compression  was  effected 
by  beating  the  concrete  into  the  moulds  with  a  small 
mallet.  The  resultant  gain  in  strength  averaged  28  per 
cent,  for  the  1  to  6  mixtures,  28  per  cent,  for  the  1  to  8, 
and  24  per  cent,  for  the  1  to  10,  a  gain  by  no  means  to  be 
despised.  . 

But  concrete  not  only  gains  strength  by  compression ; 
its  density,  and  consequently  its  imperviousness  to  water 
and  its  durability,  are  also  increased.  Without  ramming 
it  is  impossible  to  have  impervious  concrete. 

Of  course  the  concrete  of  ordinary  walls  cannot  be 
rammed  with  the  same  vigour  with  which  the  concrete  of 
foundations  may  be  rammed.  For  the  latter  a  moderately 
heavy  punner  of  iron,  or  of  hard  wood  bound  with  iron,  may 
be  used,  but  such  an  implement,  if  used  for  walls,  would  most 
likely  cause  the  wooden  boards  enclosing  the  wall  to  bulge 
out,  and  the  appearance  of  the  wall  would  be  irretrievably 
spoilt.  For  walls,  therefore,  a  lighter  implement  should 
be  used.  Concrete  floors  are  frequently  consolidated  by 
beating  with  the  back  of  the  spade  used  in  spreading  the 
concrete. 

Layers. — Opinions  differ  as  to  the  thickness  of  the  layers 
in  which  concrete  should  be  deposited.    Some  advocate 
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thick  layers,  some  thin  ones.  The  lime-concrete  founda- 
tions of  the  army  headquarters  at  Simla  were  rammed  in 
3  in.  layers.  Layers  so  thin  are  very  seldom  adopted, 
because,  whatever  care  may  be  taken,  the  joints  between 
the  layers  are  always  a  source  of  weakness.  During  the 
operation  of  punning,  some  of  the  water  in  the  concrete  is 
forced  to  the  surface,  and  brings  with  it  part  of  the  con- 
stituents of  the  cement,  causing  sometimes  a  film  of  soft 
clayey  matter  upon  the  surface.  This  effectually  prevents 
the  adhesion  of  the  next  layer. 

For  this  reason,  concrete,  which  has  been  exposed  for  a 
day  or  two,  should  be  swept  clear  of  this  matter,  and  also 
of  all  loose  stones  and  dust,  before  another  layer  is  added. 
The  surface  should  also  be  well  watered,  and  if  good  work 
is  required,  should  be  roughed  with  a  pick,  although 
this  last  operation  is  not  as  beneficial  as  is  sometimes 
imagined.  Mr.  Bernays  recommends  that  the  surface  of 
concrete  in  large  walls,  if  it  have  been  long  exposed,  should, 
in  addition  to  being  swept  and  watered,  be  dusted  over 
with  neat  cement,  and  sometimes  have  a  chase,  say,  12  in. 
by  9  in.,  cut  in  it  to  form  a  key  for  the  next  layer. 

Some  persons  think  each  layer,  after  being  swept,  ought 
to  be  watered  with  thin  grout  before  the  next  layer  is  laid, 
but  grout  is  somewhat  uncertain  in  its  action. 

Layers  9  in.  or  1 2  in.  thick  are  often  specified,  but  layers 
18  in.  thick  are  on  the  whole  more  satisfactory.  Some- 
times a  thickness  of  2  ft.  or  even  3  ft.  is  laid  at  one  opera- 
tion. Thick  layers  ought  not  to  be  attempted  unless  a 
good  machine  or  a  very  large  number  of  men  are  employed 
in  mixing  the  concrete,  as  otherwise  the  depositing  and 
ramming  such  a  thickness  may  take  so  long  that  the  lowest 
portion  may  have  begun  to  set  before  the  men  can  finish 
the  upper  part,  and  this  will  cause  a  disturbance  of  the 
setting,  and  consequent  weakness.  On  the  whole,  it  may 
be  considered  best  to  deposit  concrete  foundations  less  than 
18  in.  thick  in  one  layer,  and  above  this  thickness  in  two 
or  more  layers  not  exceeding  18  in.  each.  The  concrete  of 
retaining  walls  may  be  rammed  in  18  in.  or  24  in.  layers. 
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The  frames  used  in  forming  the  walls  of  buildings  usually 
allow  a  thickness  of  18  in.  to  be  deposited  at  one  operation, 
and  never  more  than  24  in.  Paving  and  floors  must  always 
be  rammed  in  one  thickness  ;  the  surface,  however,  may  be 
finished  with  finer  concrete  after  the  mass  has  set. 

In  the  formation  of  concrete  arches,  care  must  be  taken 
that  the  concrete  is  not  deposited  in  thin  layers  following 
the  curve  of  the  arch,  but  the  full  thickness  of  the  concrete 
must  be  laid  at  once,  and  rammed  in  the  direction  of  the 
thrust,  so  as  to  form  longitudinal  courses  like  continuous 
voussoirs,  having  the  joints  between  adjacent  courses  radial 
to  the  curve  of  the  arch.  This  is  an  important  point, 
especially  if  the  whole  arch  cannot  be  completed  in  one 
day.  The  breadth  of  the  longitudinal  courses  will  depend 
on  their  depth,  &c. ;  it  may  be  from  6  in.  to  18  in.  for 
large  arches.  Small  arches,  such  as  are  used  in  floors, 
will  be  laid  at  one  operation.  During  the  ramming  of  the 
concrete  in  large  arches,  a  movable  board  with  curved  face 
can  be  used  to  retain  the  concrete  and  to  form  the  extrados. 

Protection  during  Setting. — It  is  useless  to  make  good 
concrete,  unless  care  is  taken  to  protect  it  until  it  is  hard 
enough  to  take  care  of  itself. 

Any  disturbance  of  concrete  during  setting  injures  it. 
Cement  cannot  be  gauged,  left  to  set  for  a  short  time,  and 
worked  up  again  without  loss  of  strength.  Cement  ground 
with  water  in  a  mortar-mill  for  half  an  hour  makes  consider- 
ably weaker  briquettes  than  cement  gauged  by  hand  as 
quickly  as  possible.  After  cement  has  begun  to  set,  it 
ought  not  to  be  disturbed  until  it  has  hardened  sufficiently 
to  bear  easily  any  weight  that  may  be  put  upon  it.  Walk- 
ing across  a  concrete  floor,  before  the  hardening  is  suffi- 
ciently advanced,  will  cause  rotten  places  in  the  concrete. 
For  this  reason,  all  concrete,  especially  in  floors,  arches, 
and  roofs,  should  be  carefully  protected  after  being  laid ; 
all  traffic  across  such  concrete  being  absolutely  forbidden 
for  as  long  a  period  as  possible. 

The  duration  of  the  protection  will  vary  according  to  the 
kind  of  cement  employed,  and  according  to  the  richness  of 
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the  concrete.  Quick-setting  cements,  such  as  Roman 
cement  and  plaster  of  Paris,  do  not  require  as  long  a  pro- 
tection as  Portland  cement.  In  the  case  of  floors,  where 
the  concrete  is  the  weight-carrying  material,  the  centres 
should  not  be  struck  in  less  than  4  or  5  weeks,  if  Portland 
cement  is  the  matrix ;  whereas  with  plaster  of  Paris  one 
week  would  suffice.  Again,  sand  retards  the  setting  and 
hardening  of  cement — see  Fig.  3,  p.  74 — and  therefore 
concrete  containing  a  large  proportion  of  sand  requires 
longer  protection  than  concrete  containing  little  or  no  sand. 
When  traffic  across  concrete  is  permitted  before  it  has 
hardened  sufficiently,  it  may  be  protected  by  covering  it 
with  moist  sand  or  sawdust  or  sacks,  on  the  top  of  which 
strong  planks  are  carefully  laid  where  required.  The  pre- 
cautions to  be  taken  to  prevent  injury  being  done  to  con- 
crete by  heat  and  cold,  &c.  will  be  considered  in  the  next 
chapter. 

Strength  of  Hand-mixed  and  Machine-mixed  Con- 
crete.— The  following  record  of  tests  by  Mr.  E.  L.  Eansome 
shows  that  machine-mixed  concrete  may  be  considerably 
stronger  than  concrete  mixed  "skilfully  and  thoroughly" 
by  hand.  The  tests  were  made  in  America  on  4  in.  cubes, 
but  in  the  table  the  ultimate  loads  are  given  in  English 
tons  per  sq.  ft. 

Table  XIX.,  A— Compressive  Strength  of  Hand-mixed  and 
Machine-mixed  Concrete. 


Age  in  weeks   

1 

2 

3 

4 

A.  1  cement  to  12  limestone. 

Tons  per  square  foot. 

No.  1.  Mixed  by  hand   

,.2.     „     in  mill  and  turned  56  times 
n  3.      ,,         „            ,,        343  „ 

16 

32-1 

44-6 

22-3 
32-1 
39-2 

22-3 
32-1 
49-1 

22-3 
38-4 
40'1 

B.  1  cement  to  6  fine  granite. 

No.  1 .  Mixed  by  hand   

„  2.     „     in  mill  and  turned  300  times 

56-2 
723 

72-3 
88-4 

67-8 
964 

80-3 
88-4 
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THE  WEATHER— ITS  EFFECTS  ON  CONCRETE. 

General  Effect — Heat,  moist  and  dry — Variation  of  Temperature — 
Frost,  Effect  on  Briquettes,  and  on  Concrete — Remedies  : — I. 
1,  raising  temperature  of  materials ;  2,  lowering  freezing-point 
of  water  (Salt,  Soda,  Sugar,  &c.)  :  II.  1,  lowering  freezing-point 
of  water  ;  2,  hastening  setting,  &c.  ;  3,  warming  surrounding  air 
— Expansion  and  Contraction. 

Genekal  effect  of  Heat  and  Cold. — Concrete  requires 
protection  not  only  against  traffic,  but  also  against  extremes 
of  temperature,  as  the  state  of  the  atmosphere  has  a  very 
great  influence  on  the  hardening  of  hydraulic  limes  and 
cements.  The  scorching  heat  of  summer  is  almost  as  in- 
jurious as  the  biting  cold  of  winter.  The  former  is  dan- 
gerous, because  it  abstracts  the  water  which  is  necessary 
for  the  proper  crystallisation  of  the  lime ;  the  latter,  because 
it  freezes  the  water,  causing  it,  therefore,  to  swell  and 
crack  the  mortar,  so  that  sometimes  the  latter  becomes  little 
better  than  so  much  sand. 

Heat,  Moist  and  Dry. — Moist  heat  hastens  the  setting 
of  cement,  and  also  its  hardening ;  it  is  dry  heat  which  is 
injurious.  Pats  of  Portland  cement,  which  set  properly 
and  attain  considerable  hardness  in  a  few  hours,  will,  if  kept 
on  a  mantel-piece  over  a  good  fire  for  a  few  days,  become 
quite  easily  friable.  And  yet  it  is  not  very  many  years 
since  a  correspondent  in  The  Engineer  advocated  the  light- 
ing of  fires  every  evening  at  the  feet  of  mill  chimneys,  in 
order  to  set  the  mortar  which  had  been  laid  that  day.  Heat 
will  dry  mortar,  but  that  is  a  very  different  thing  from 
causing  it  to  set    Kapid  drying  is  injurious. 
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The  rapid  drying  of  floors  and  roofs  may  be  prevented  by 
covering  the  concrete  for  a  week  or  more  with  a  shallow 
pool  of  water  renewed  when  necessary,  or  with  a  layer  of 
sawdust  or  sand  kept  continually  moist,  or  with  straw, 
sacks,  &c,  which  protect  the  concrete  from  the  direct  action 
of  the  sun  and  wind. 

Portland-cement  stucco  is  seldom  sound  when  executed  in 
hot  summer  wTeather,  unless  great  care  has  been  taken  in 
wetting  the  concrete  or  brickwork  before  applying  the  stucco; 
protecting  the  wall  as  far  as  possible  from  the  direct  action 
of  the  sun  is  also  a  useful  precaution.  Warm,  damp  weather 
is  most  suitable  for  the  setting  of  cement,  whether  in  stucco 
or  concrete,  but  damp  weather,  even  somewhat  cold,  is  better 
than  extremes  either  of  heat  or  frost. 

Variation  of  Temperature. — Variation  of  temperature 
is  also  to  be  avoided  as  much  as  possible.  Mr.  W.  W. 
Mackay  of  the  Docks  Department,  New  York,  found  in 
1876  that  Portland-cement  briquettes,  made  and  kept  in 
water,  at  a  uniform  temperature  of  60°  Fahr.,  were,  at  the 
end  of  7  days,  30  per  cent,  stronger  than  exactly  similar 
briquettes  which  were  made  at  a  temperature  of  60°  to  70° 
and  kept  in  water  varying  daily  from  70°  down  to  about  40°. 
If  this  short  range  of  temperature  retards  the  hardening  of 
neat  cement  to  such  an  extent,  we  can  understand  that  the 
effect  will  be  greater  with  greater  cold  acting  on  mortar 
and  concrete. 

It  frequently  happens  that  concrete  is  exposed  to  the 
heat  of  the  sun  by  day  and  to  keen  frost  by  night,  and  this 
is  almost  sure  to  cause  cracks  in  the  work.  Covering  the 
concrete  with  straw,  sacks,  &c.  will  afford  some  protection, 
but  in  many  cases  it  will  be  best  to  stop  the  work  until  the 
weather  is  more  suitable. 

Frost. — Almost  every  architect  and  builder  learns  by 
bitter  experience  the  ill  effects  of  frost  on  newly-made 
mortar  and  concrete.  Its  primary  effect  is  to  crystallise 
the  water  in  the  mixture,  and  this  crystallisation  has  two 
results, — it  prevents  the  chemical  union  of  the  water  with 
the  cement,  and,  as  water  expands  in  solidifying,  it  forces 
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apart  the  different  constituents  of  the  mortar  and  concrete, 
so  that,  when  a  thaw  occurs,  there  is  little  or  no  coherence 
between  them.  Undoubtedly  in  many  cases  mortar  and 
concrete  harden  after  having  been  attacked  by  frost,  but  it 
is  equally  true  that  they  never  attain  the  strength  of 
similar  but  unfrozen  mixtures. 

Effect  of  Frost  on  Briquettes. — Laboratory  experi- 
ments seem  to  show  that  frost  does  little  harm  to  Portland- 
cement  briquettes.  A  series  of  tests  by  Herr  Bohme  led 
him  to  the  conclusion  that  the  effect  of  frost  was  merely 
to  retard  the  setting  of  the  cement,  causing  it  to  remain 
soft  and  reducing  its  tensile  strength  and  resistance  to  com- 
pression. This  retardation,  however,  had  little  permanent 
effect,  the  cement  becoming  nearly  equal  to  the  unfrozen 
specimens  after  the  lapse  of  a  few  days." 

It  must  be  remembered  that  briquettes  made  in  the 
laboratory  are  mixed  with  the  least  possible  quantity  of 
water,  and  that  all  the  conditions  are  favourable  to  the 
initial  setting  and  hardening  of  the  cement.  On  the  other 
hand,  concrete  made  and  deposited  in  the  open  air,  usually 
contains  water  in  excess  ;  the  ingredients  are  not  thoroughly 
mixed;  and  interstices,  more  or  less  filled  with  water,  re- 
main, affording  a  lever  which  the  frost  is  only  too  ready  to 
use.  The  difference  in  hydraulic  energy  between  neat 
cement,  and  mortar  containing  two  or  three  volumes  of  sand 
to  one  of  cement,  must  also  be  borne  in  mind. 

The  latter  point  is  emphasised  by  the  results  of  experi- 
ments carried  out  by  Mr.  Fitzmaurice  in  Nova  Scotia  during 
the  winter  of  1890-1.  Exposure  to  natural  frost  for  four 
days  (out  of  a  total  of  28  days)  reduced  the  strength  of 
neat  Portland- cement  briquettes  15  per  cent.,  and  of 
cement-and-sand  briquettes  (1  to  3)  from  28  to  35  per  cent. ; 
again,  exposure  for  the  full  period  of  28  days  reduced  the 
strength  of  the  former  35  per  cent.,  and  of  the  latter  no 
less  than  57  per  cent. 

Effect  of  Frost  on  Concrete. — These  experiments 
confirm  the  results  which  architects  and  engineers  obtain  in 
actual  practice,  namely,  that  mortars  and  concretes,  which, 
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subject  to  ordinary  temperatures  are  of  satisfactory  strength, 
are,  under  the  influence  of  frosts,  considerably  weakened  or 
in  extreme  cases  rendered  thoroughly  rotten  and  worthless. 
These  ill  effects  are  observed  not  only  when  concrete  is 
mixed  and  deposited  during  frost,  but  also  when  concrete, 
mixed  and  deposited  at  higher  temperatures,  is  attacked  by 
frost  before  it  has  hardened  enough  to  resist  it. 

Eemedies. — I.  In  the  former  case, — namely,  that  of  con- 
crete to  be  mixed  and  deposited  during  frost, — two  methods 
are  feasible : — 

1.  Raising  the  temperature  of  the  concrete-materials, 

&c,  and 

2.  Adding  some  substance  to  the  wrater  in  order  to 

lower  its  freezing-point,  and  so  prevent  its 
congelation. 

II.  In  the  second  case, — namely,  that  of  concrete  rightly 
deposited  but  likely  to  be  attacked  by  frost  before  it  has 
set, — the  concrete  may  often  be  protected  from  injury  by 
one  of  the  following  three  methods  : — 

1.  Lowering  the  freezing  point  of  the  water  as  in  the 

former  case. 

2.  Hastening  the  setting  and  hardening  of  the  concrete, 

so  that  it  shall  be  sufficiently  strong  to  resist  the 
frost  when  it  comes. 

3.  Keeping  the  temperature  around  the  concrete  at  a 

point  above  32°  Fahr. 

I.  We  will  first  consider  the  methods  which  must  be  adopted 
in  the  case  of  concrete  to  be  deposited  during  actual  frost. 

1.  Raising  the  temperature  of  the  Concrete-materials, 
&c. — This  is  undoubtedly  the  most  scientific  method  wThich 
can  be  adopted,  for  a  rise  of  temperature  hastens  the  setting 
and  hardening  of  cements,  and  does  no  harm  provided  that 
the  moisture  be  not  unduly  driven  off,  while,  on  the  other 
hand,  a  lowering  of  temperature  retards  or  stops  the 
processes. 

The  difficulty  of  this  method,  however,  lies  in  its  appli- 
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cation.  The  most  obvious  means  of  raising  the  temperature 
of  the  concrete  is  to  mix  at  within  a  building  artificially 
heated,  and  to  use  in  the  mixture  warm  water  instead  of 
icy-cold.  Against  neither  of  these  can  any  valid  objection 
be  raised  on  the  score  of  injury  to  the  concrete ;  each  has 
for  its  object  the  mixing  of  the  ingredients  under,  approxi- 
mately, those  conditions  which  obtain  in  summer.  The 
chief  objection  raised  against  them  is  that  the  heat  thus 
imparted  is  lost  soon  after  the  concrete  is  deposited  in  the 
open  air ;  in  fact,  that  only  one-half,  and  that  the  simpler 
half,  of  the  problem  has  been  solved,  while  the  other  half, 
— the  protection  from  frost  during  setting, — has  not  been 
attempted.  This  objection  is  valid  when  the  concrete  is 
only  thin,  as  in  floors,  paving,  the  walls  of  ordinary  build- 
ings, &c,  and  the  method  would  be  of  little  avail,  if  some 
subsequent  means  of  protection  were  not  adopted.  In  con- 
crete, however,  deposited  in  large  masses,  and  containing 
therefore  a  greater  store  of  heat,  the  damages  wrought  by 
frost  are  not  so  great,  and  the  surface-skin,  which  may  be 
damaged,  bears  only  a  small  proportion  to  the  mass  of  the 
concrete. 

Mr.  Fitzmaurice,  whose  tests  of  frost-bitten  briquettes 
have  already  been  mentioned,  proved  in  actual  practice  in 
Nova  Scotia  that  concrete  can  be  safely  deposited  during 
frost.  In  addition  to  mixing  the  ingredients  in  a  warm 
building,  he  caused  the  whole  of  the  bed,  on  which  the  con- 
crete was  to  be  deposited,  to  be  well  steamed,  and  by  raising 
the  temperature  in  these  two  ways,  he  achieved  success.  If 
the  temperature  rose  during  the  day  to  about  26°  Fahr.,  work 
was  carried  on,  even  though  at  night  the  thermometer  often 
registered  no  less  than  42°  degrees  of  frost.  He  thus* 
describes  the  work  and  states  his  conclusions: — "Before 
laying  any  masonry  or  concrete  all  ice  was  carefully 
picked  out,  a  steam  hose  played  over  all  the  places 
where  any  masonry  or  concrete  was  to  be  deposited,  for 
fifteen  or   twenty  minutes,   and  each   stone   was  well 


*  Proc.  Inst.  C.  K,  vol.  cvii.  (1891-2),  part  i. 
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steamed.  .  ,  .  .  In  the  spring,  the  work  which  had  been 
done  in  this  way  was  examined,  and  some  of  it  picked  out ; 
and  it  was  found  perfectly  sound  except  the  top  two  inches 
of  concrete.  No  salt  was  used  in  the  water  on  these  works. 
It  therefore  appeared  that  concrete  and  masonry  work 
could  be  carried  on  safely  in  comparatively  [sic]  cold 
weather  if  the  concrete  was  mixed  under  cover,  and  if,  by 
use  of  steam  or  other  means,  care  was  taken  not  to  deposit 
it  actually  frozen  or  on  material  already  frozen."  On  the 
other  hand,  a  test-block  of  concrete  (1  to  6  J)  made  in  the 
open  air  during  frost  and  left  in  the  open  for  four  months, 
was  found  not  to  have  set  at  all, — "  the  whole  block  could 
be  picked  out  with  a  stick."  This  showed  the  value  of 
mixing  the  concrete  in  a  warm  room  and  of  using  the 
steam- jet.  Certainly  Mr.  Fitzmaurice  has  shown  archi- 
tects and  engineers  one  way  out  of  an  oft-recurring 
difficulty. 

Another  method,  which  has  frequently  been  recom- 
mended for  a  moderate  degree  of  frost,  is  based  on  the  fact 
that  calcium  oxide  (quicklime),  on  being  mixed  with  water, 
combines  with  it  to  form  calcium  hydrate,  considerable  heat 
being  evolved  in  the  process.  In  all  hydraulic  limes,  the 
same  action  takes  place  to  a  greater  or  less  extent.  The 
use  of  lime  in  a  "  hot," — i.e.,  unslaked, — state,  has  for  this 
reason  been  frequently  adopted  in  frosty  weather,  and 
undoubtedly  the  heat  evolved  in  the  mixing  of  the  ingre- 
dients does  prevent  the  immediate  freezing  of  the  concrete. 
The  disadvantages  of  the  use  of  unground  lime  in  a  hot 
state  have  however  caused  the  practice  to  fall  into  desue- 
tude. Moreover,  common  lump  lime  does  not  furnish 
a  concrete  strong  enough  for  all  purposes,  and  its  use 
cannot  therefore  be  proposed  as  a  sort  of  diacatholicum. 
Ground  hydraulic  lime  is  of  course  unslaked,  unless  it  has 
been  exposed  to  the  atmosphere  for  a  time,  and  some  of  the 
varieties  yield  excellent  concrete.  The  heat,  evolved  in 
the  mixing  of  such  limes  with  water,  renders  the  concrete 
temporarily  frost-proof,  but,  as  these  limes  set  slowly, 
the  heat  may  easily  be  lost  before  the  setting  is  sum- 
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ciently  advanced,  and  the  concrete  may  after  all  succumb 
to  the  frost.  This  method,  therefore,  is  not  wholly 
recommendable. 

2.  Lowering  the  Freezing-point  of  the  Water  used  in 
the  concrete  is  the  second  method  by  which  concrete  can  be 
mixed  and  deposited  during  frost.  This  is  the  method 
most  frequently  adopted,  although  it  is  really  unscientific, 
for  the  setting  and  hardening  of  cements  are  retarded  or 
stopped  by  low  temperatures,  while  the  strength  is  probably 
permanently  lessened.  It  may  happen  therefore  that 
concrete  mixed  in  this  way  sets  so  slowly  as  to  be  soft  for 
weeks,  and  that  it  does  not  harden  to  any  great  extent 
until  the  temperature  has  risen  considerably  above  freezing- 
point.  The  method,  however,  has  the  advantages  of  sim- 
plicity and  economy,  for  it  consists  merely  in  the  addition 
of  some  substance  to  the  water,  or  in  the  substitution  of 
sea-water  for  fresh  water. 

The  substance  most  usually  employed  to  lower  the 
freezing-point  of  water  used  in  concrete,  is  common  salt 
{sodium  chloride),  but  other  "  salts "  have  a  similar, 
although,  as  a  rule,  smaller  effect.  Among  others,  washing- 
soda  (sodium  carbonate),  potash  {potassium  carbonate),  salt- 
petre {potassium  nitrate),  and  chloride  of  lime  {calcium 
chloride),  may  be  mentioned.  Sodium  chloride  and  sodium 
carbonate  appear  to  be  the  only  ones  which  have  been 
tested  with  cement,  and  consequently  these  only  can  here 
be  considered.  1 

Common  Salt  {sodium  chloride,  Na  CI). — It  may  be  taken 
that  for  every  one  per  cent,  (by  weight)  of  salt,  which  is 
added  to  water,  the  freezing-point  of  the  liquid  is  lowered 
1-08°  Fahr. ;  that  is  to  say,  about  13  per  cent,  of  salt  will 
be  required  to  lower  the  freezing-point  of  water  14°.  It  is 
seldom,  however,  that  more  than  7  or  8  per  cent,  is  added 
to  the  water  used  in  concrete ;  if  the  frost  is  too  keen  for 
this  to  avail,  some  other  method  ought  to  be  adopted  or 
the  work  stopped. 

Professor  Baker  in  his  "  Masonry  Construction  "  gives 
the  following  rule  : — "  Dissolve  1  lb.  of  salt  in  eighteen 
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gallons  of  water  when  the  temperature  is  at  32°  Fahr.,  and 
add  one  ounce  of  salt  for  every  degree  below  freezing-point." 
According  to  this  rule,  a  temperature  of  18°  Fahr.  would 
require  1  lb.  +  14  oz.  of  salt  in  every  18  gallons  or  180  lb. 
of  water,  that  is  to  say,  little  more  than  one  per  cent, 
by  weight.  It  is  clear  that  Professor  Baker's  rule  under- 
estimates the  amount  of  salt  required.  Ordinary  sea-water, 
which  contains  about  2*7  per  cent,  of  common  salt  and 
•8  per  cent,  of  various  other  salts,  freezes  at  27*4°  Fahr. 
Had  the  professor  said,  "  add  one  pound  of  salt  for  every 
degree  below  freezing-point, "  he  would  have  been  nearer 
the  mark,  but  still  under  it. 

In  Chapter  IX.  experiments  were  quoted  to  show  that 
cement  briquettes  gauged  with  salt  water  are  at  early  dates 
stronger  than  similar  ones  gauged  with  fresh  water,  but 
that  the  gain  is  only  temporary.  No  permanent  ill  effects 
of  any  consequence,  however,  seem  to  accrue  from  the 
use  of  salt  water,  provided  the  salt  is  not  present  in 
excess.  Beyond  7  or  8  per  cent,  (by  weight),  it  is  not 
safe  to  go. 

Washing-soda,  which  consists  of  crystals  of  sodium 
carbonate  (Na2C03,  10  H20),  is  sometimes  used,  and  Herr 
Reinhofer  considers  that  it  is  an  excellent  preventative  of 
the  ill  effects  of  frost.  It  has  not,  however,  been  put  to 
the  test  of  actual  practice  to  the  same  extent  as  common 
salt,  and  its  use  cannot  therefore  be  recommended  with  the 
same  certainty  of  success.  Indeed,  experiments  by  Mr.  A. 
E.  Carey,  M.  Inst.  C.  E.,  go  to  prove  that  it  has  a  slightly 
worse  influence  than  common  salt,  on  the  strength  of 
Portland  cement. 

Sugar  has  been  frequently  and  warmly  recommended  as 
an  antidote  against  frost.  It  lowers  the  freezing-point  of 
water  to  which  it  is  added,  and  consequently  permits  work 
to  be  carried  on  when  the  temperature  is  below  freezing- 
point,  but  it  is  not  as  effective  as  common  salt,  and  water 
containing  as  much  as  20  per  cent,  of  sugar  (by  weight), 
cannot  apparently  be  used  in  more  than  5  or  6  degrees  of 
frost.    The  effect  of  sugar  on  lime  and  cement  must  be 
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considered  as  well  as  its  effect  on  water,  and  it  is  here  that 
it  is  shown  to  fail. 

It  cannot  be  doubted  that  the  addition  of  sugar  to  fat 
lime  increases  its  strength.  This  fact  has  been  frequently 
demonstrated,  not  only  in  England  but  also  in  India  and 
elsewhere.  It  appears  probable  also  that  sugar  in  moderate 
proportions  has  a  beneficial  effect  on  hydraulic  limes, 
especially  those  of  the  feebler  sorts,  but  as  there  would  be 
large  elements  of  uncertainty  in  every  different  case,  an 
actual  test  extending  over  some  months  ought  really  to 
be  made.  By  the  time  the  test  had  been  carried  out,  the 
need  for  it  would  have  passed  for  another  season. 

Portland  cement,  however,  is  a  material  differing  vastly 
from  ordinary  fat  lime  and  from  feebly-hydraulic  lime.  So 
delicate  are  the  relations  between. the  components  of  Port- 
land cement  and  water,  that  very  little  is  required  to 
disturb  them.  A  little  too  much  lime  or  clay,  a  little 
sulphuric  acid,  a  little  mud  or  dust,  a  little  impurity  in  the 
water — each  of  these  is  enough  to  disturb  to  some  extent 
the  chemical  action  of  setting  and  hardening,  and  in 
extreme  cases  to  prevent  the  action  entirely. 

To  say  the  least,  the  use  of  sugar  with  Portland  cement 
is  fraught  with  danger.  A  very  small  quantity,  of  course, 
may  not  do  much  harm;  indeed,  experiments  with  a 
German  Portland  cement  showed  that  its  strength  was 
increased  at  the  end  of  three  months  by  the  addition  to  the 
cement  of  0*12  to  2  per  cent,  of  pure  sugar.  More  than 
2  per  cent.,*  however,  rendered  the  cement  useless.  Mr. 
Henry  Faija,  who  is  an  authority  on  Portland  cement,  says 
that  sugar  causes  it  to  "'blow,'  i.e.,  expand,  crack,  disin- 
tegrate, and  destroy  any  work  in  which  it  is  used." 
Experiments  were  made  by  Mr.  A.  E.  Carey  t  with  the 
result  that  out  of  24  blocks  of  cement  or  cement-mortar 
containing  sugar,  18  fell  to  pieces  before  being  tested. 

*  This  quantity  (assuming  the  weight  of  water  in  the  briquettes 
to  be  one-fifth  the  weight  of  cement)  would  be  10  per  cent,  of  the 
weight  of  the  water. 

f  Proceedings  of  the  Inst.  C.  E.,  vol.  cvii.  (1891-2). 
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Speaking  of  these  blocks,  Mr.  Carey  says  that  "  in  all  cases 
a  large  quantity  of  gelatinous  tasteless  substance  was 
exuded,  ....  and  in  setting,  the  blocks  contracted  greatly, 
more  especially  the  samples  without  sand." 

Professor  Ira  0.  Baker,  an  American,  considers  that  the 
best  Portland  cement  derives  no  great  benefit  from  the 
addition  of  sugar,  but  that  Rosendale  cement  (an  American 
natural  cement,  akin  to  some  of  our  own  natural  cements) 
gains  20  per  cent,  in  tensile  strength,  when  mixed  with 
0*12  to  "25  per  cent,  of  sugar  (by  weight),  and  that  lime- 
mortar  gains  no  less  than  50  per  cent,  when  sugar  is  added 
to  the  extent  of  one-tenth  the  weight  of  the  lime. 

Be  this  as  it  may,  it  is  clear  that  a  very  small  percentage 
of  sugar  is  enough  to  destroy  the  setting  properties  of 
Portland  cement,  and  we  may  therefore  conclude  that  sugar 
is  not  a  safe  material  to  use  with  it  as  a  remedy  against 
frost. 

After  all,  therefore,  common  salt  may  be  considered  to 
be  the  substance  best  adapted  for  lowering  the  freezing- 
point  of  water  used  in  concrete. 

II.  The  second  case, — namely,  that  of  concrete  rightly 
deposited  but  likely  to  be  attacked  by  frost  before  it  has 
set, — remains  for  consideration.  In  England,  this  case 
occurs  more  frequently  than  the  one  which  has  just  been 
considered.  There  are  several  months  in  the  year,  during 
which  concrete  can  as  a  rule  be  made  and  deposited  in  the 
daytime,  while  at  night  keen  frosts  interfere  with  its 
setting.  Three  methods  of  preventing  injury  being  done 
by  the  frost,  have  been  mentioned. 

1.  Lowering  the  Freezing-point  of  the  Water. — As 
the  application  of  this  method  has  already  been  discussed, 
nothing  further  need  now  be  said  about  it. 

2.  Hastening  the  Setting  and  Hardening  op  the 
Concrete,  so  that  it  shall  be  sufficiently  strong  to  resist 
the  frost  when  it  comes.  Efforts  may  be  made  in  various 
directions  to  hasten  the  setting  of  concrete.  The  first  and 
most  important  consideration  is  that  of  the  lime  or  cement 
to  be  used.    Other  things  being  equal,  the  quickest-setting 
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cement  would  be  the  best,  but,  as  other  things  are  not 
equal,  the  subject  cannot  be  so  easily  dismissed.  Eoman 
cement  sets  rapidly,  and  might  be  used  with  advantage  for 
this  reason,  but  on  account  of  its  comparative  weakness,  it 
will  not  bind  as  large  a  quantity  of  sand  and  aggregate  as 
Portland  cement.  Plaster  of  Paris  and  kindred  cements 
set  rapidly,  but  are  weaker  than  Portland  cement,  and 
cannot  be  used  in  damp  places  or  exposed  to  the  atmosphere 
on  account  of  their  solubility.  Portland  cement  can  be 
obtained  of  various  kinds,  some  quick-setting,  some  slow- 
setting,  and  others  between  the  two.  For  the  purpose  now 
under  consideration,  the  best  quick-setting  Portland  cement 
forms  the  best  matrix.  If  sound,  it  should  be  used  quite 
fresh,  as  stored  cement  loses  energy.  (See  Chapter  VII., 
pp.  79—81.) 

Less  sand  should  be  used  when  the  concrete  is  required 
to  harden  rapidly, — less  sand  and  also  less  aggregate.  In 
fact,  the  concrete  should  be  richer.  Fine  sand  and  dust 
should  especially  be  avoided,  as  these  retard  greatly  the 
setting  of  cement.  No  more  water  must  be  used  than  is 
absolutely  necessary. 

The  steaming-process,  which  has  been  already  men- 
tioned, would  contribute  to  the  desired  end  by  warming  the 
surfaces  with  which  the  concrete  would  come  in  contact, 
and  so  preventing  the  extraction  of  heat  by  them  from  the 
mass.  The  use  of  water,  cement,  and  aggregate,  which 
had  been  raised  to  a  moderate  temperature  (say,  60°  or  70° 
Fahr.),  and  mixing  these  ingredients  in  a  warm  room, 
would  also  hasten  the  setting  and  hardening. 

A  considerable  proportion  of  the  heat  in  concrete,  which 
has  been  mixed  as  described  above,  can  be  retained  by 
covering  it  with  straw,  sacks,  &c,  kept  in  place  by  planks, 
or  with  bags  filled  with  hay,  straw,  saw-dust,  or  other  good 
non-conductor  of  heat.  It  is  possible  too  that  floor-surfaces 
could  be  efficiently  protected  from  injury  by  covering  them 
to  the  depth  of  one  or  two  inches  with  water,  although  this 
would  have  the  effect  of  retarding  the  setting.  We  know 
that  in  England  the  ice  on  our  ponds  is  seldom  thick 
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enough  to  bear  skaters  until  there  have  been  several  days 
of  continuous  frost.  Water  freezes  from  the  surface  down- 
wards, and  it  would  take  several  days  of  very  severe  frost 
before  concrete,  covered  two  or  three  inches  deep  with 
water,  would  be  reached  by  it.  Mr.  Fitzmaurice  found 
that  the  excessive  cold  of  a  Nova  Scotian  winter  injured  to 
the  depth  of  only  two  inches,  concrete  which  had  been 
mixed  under  cover  and  deposited  when  the  steam-jet  had 
been  freely  used;  evidently  by  the  time  the  frost  had 
penetrated  to  that  distance  the  inner  portion  had  hardened 
sufficiently  to  be  able  to  resist  it. 

The  temperature  at  the  bottom  of  deep  trenches  is  very 
many  degrees  higher  in  winter  than  the  temperature  at  the 
surface  of  the  ground;  and  good  concrete  deposited  in 
them  and  immediately  covered  with  straw,  &c,  as  already 
indicated,  or  even  with  sand  and  rubbish,  would  probably 
take  no  harm. 

3.  Finally,  concrete  can  be  protected  by  keeping  the 
surrounding  temperature  above  freezing  point  This 
is  mentioned  rather  because  it  is  a  possible  method  of 
attaining  the  desired  end,  than  because  it  is  one  likely  to 
be  adopted.  The  method  would  in  practice  prove  too 
expensive  for  work  in  the  open  air,  but  it  might  advan- 
tageously be  employed  for  work  under  cover.  For  instance, 
in  the  case  of  concrete  floors  to  be  laid  in  existing  buildings, 
or  in  new  buildings  which  have  been  roofed  and  fitted  with 
windows,  the  temperature  could  be  raised  without  very 
great  difficulty.  But  one  most  important  consideration 
must  not  be  overlooked — dry  heat  is  extremely  injurious  to 
concrete.  Therefore,  fires  are  not  to  be  recommended  unless 
the  concrete  is  kept  moist  by  being  covered  with  damp 
sand  or  sawdust,  or  in  some  other  way.  Steam  hastens 
the  setting  of  concrete,  and  consequently  this  would  be  the 
most  suitable  agent  for  raising  the  temperature. 

The  various  methods  of  depositing  and  protecting  con- 
crete during  frost  have  now  been  mentioned.  In  conclu- 
sion it  may  be  said  that  the  labourers  will  have  to  be 
considered,  and  it  is  possible  that  in  many  cases  they  will 
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refuse  to  work  during  extremely  cold  weather,  for  they  are 
very  human,  and  will  thus  settle  the  question  of  "  concrete- 
depositing  during  frost "  in  a  very  summary  fashion  of  their 
own.  If  the  materials  were  mixed  in  a  warm  building,  as 
has  been  here  advocated,  and  the  labourers  worked  by 
turns  inside  the  building  and  outside,  their  objections 
might,  perhaps,  be  overcome. 

Expansion  and  Contraction. — The  expansion  of  con- 
crete in  hot  weather  and  its  contraction  in  cold  weather 
are  now  well-known  facts,  and  ought  to  be  guarded  against. 
In  their  designs  for  bridges,  &c,  engineers  are  compelled 
to  consider  carefully  the  expansion  and  contraction  of  iron 
and  steel  under  changes  of  temperature,  and  it  is  little 
hardship  for  us  to  have  to  take  into  consideration  the 
variation  of  concrete,  which  is  probably  less  than  that  of 
iron.  Ignorance,  however,  of  the  facts  has  led  to  the 
destruction  or  disfigurement  of  much  concrete  paving, 
walling,  &c. 

At  one  time  it  was  thought  that  cement  expanded  largely 
in  setting,  and  that  this  was  the  cause  of  many  cracks  in 
concrete.  Undoubtedly,  bad  cement  may  expand  or  con- 
tract in  setting,  but  in  Chapter  VII.  we  showed  that  the 
expansion  of  good  air-slaked  Portland  cement  is  almost 
inappreciable.  The  cracks  in  concrete  walls  and  paving 
are  most  commonly  due  to  changes  of  temperature,  the 
cracks  having  a  tendency  to  open  in  winter  and  close  in 
summer ;  for  this  reason  Mr.  Thomas  Potter  prefers  laying 
concrete  paving  in  winter  and  protecting  it  with  straw, 
sacks,  or  other  covering,  as  by  this  means  he  considers  that 
the  concrete  is  laid  at  the  time  of  its  greatest  contraction, 
and  that  any  change  of  temperature  simply  causes  it  to 
expand  and  compress  itself  to  a  greater  density.  This 
theory  is,  at  any  rate,  ingenious. 

In  continuous  concrete  walls,  paving,  &c,  of  considerable 
length,  subject  to  the  full  effects  of  the  year's  changing 
temperature,  cracks  frequently  occur  at  moderately  regular 
intervals.  In  retaining  walls  and  paving,  the  cracks  are 
objectionable,  mainly  because  they  are  unsightly,  but  in 
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flat  roofs,  &c.,  the  cracks  are  a  source  of  danger  and  give 
ready  entrance  to  unwelcome  rain.  The  usual  method  of 
preventing  these  cracks  is  to  lay  the  concrete  in  more  or 
less  distinct  masses  of  moderate  size,  but  different  means 
of  doing  this  are  adopted  for  different  purposes,  and  these 
will  be  severally  considered  in  the  chapters  on  walls,  paving, 
and  roofs. 

The  fine  cracks,  known  as  "hair  cracks"  or  "crazing," 
which  sometimes  appear  on  the  surface  of  concrete,  are 
probably  due  to  the  use  of  a  finishing  coat  too  rich  in 
cement.  Mr.  A.  C.  Davis  *  says  that  they  may  occur  "  in 
work  carried  out  with  the  soundest  and  best-made  cements," 
and  that  "  no  cement  should  be  used  in  the  dressing  of  con- 
crete work  without  being  well  mixed  with  sand  or  other  very 
fine  aggregate." 

*  See  article  on  "  Portland  Cement"  in  The  Stone  Trades  Journal, 
March,  1904. 
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SOME  CHARACTERISTICS  OF  CONCRETE. 

Porosity— Weight  (Table  XX.)— Compressive  strength 
(Table  XXI.)— Resistance  to  Fire. 

Porosity. — Water-tight  concrete  is  sometimes  required, 
as  for  the  bottoms  and  sides  of  tanks,  flat  roofs,  and  the 
ground-layer  under  a  building.  It  may  be  said  at  once 
that  all  concrete  is  not  "by  any  means  water-tight;  the 
porosity  may  be  due  to  the  nature  of  the  aggregate,  as  in 
the  case  of  coke-breeze,  soft  bricks,  friable  stone,  &c,  or 
may  be  caused  by  the  bad  proportion  of  the  ingredients, 
which  allows  voids  in  the  concrete,  or  may  be  due  to 
insufficient  ramming. 

The  use  of  too  little  water  in  mixing,  also  makes  con- 
crete less  dense  than  it  ought  to  be.  In  proof  of  this 
statement  we  may  adduce  an  experiment  made  by  Mr.  H.  K. 
Bamber.*  He  prepared  two  cubical  blocks  of  concrete,  measur- 
ing 18  in.  each  way ;  one  was  mixed  with  the  full  quantity 
of  water  required,  t  the  other  with  only  half  the  quantity. 
Into  each  block  a  short  iron  pipe  was  inserted,  reaching  to 
the  middle,  and  when  the  blocks  were  set,  an  iron  pipe 
30  ft.  high  was  screwed  to  each  short  piece,  and  on  the  top 
a  tank  was  placed  and  filled  with  sea-water.  In  half-an- 
hour  a  milky  fluid  began  to  exude  from  all  sides  of  the 
block  which  had  been  mixed  with  insufficient  water,  while 
no  water  or  milky  fluid  passed  through  the  other  during 
three  days  on  which  the  pressure  was  continued. 

*  Proceedings  of  the  Inst.  C.  E.,  vol.  cvii.  (1891-2). 
f  See  chapter  ix.,  p.  97  et  seq. 
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Most  concrete,  however,  will  allow  the  percolation  of 
water  under  pressure,  but  Mr.  Faija  found  that  the  forced 
percolation  of  water  through  cement-mortar  (1  to  3)  im- 
proved rather  than  injured  its  strength,  and  that  the  pores 
in  the  mortar  gradually  filled  up,  so  that  at  the  end  of 
about  three  months  the  water  ceased  to  pass  through  it.* 
Mr.  Cash  f  found  that  when  water  with  a  head  of  20  ft. 
was  applied  to  a  plug  of  concrete  12  in.  thick,  composed 
of  Portland  cement,  coarse  sand  and  gravel  (1  +  2  +  5), 
no  less  than  165  ozs.  passed  through  in  the  first  twenty- 
four  hours,  while  only  5  ozs.  passed  through  a  12-in.  plug 
made  of  similar  materials  in  the  proportion  of  1,  2,  and  7, 
but  rendered  with  cement-mortar  (1  to  3),  "  trowelled  on 
as  thinly  as  possible."  On  the  fifty-fourth  day  42  ozs. 
passed  through  the  former,  and  4  through  the  latter.  This 
shows  the  great  advantage  of  rendering  concrete  with 
cement  or  cement-mortar,  or,  in  the  case  of  ground-layers 
and  roofs,  with  asphalt.  Indeed,  so  advantageous  is  some 
kind  of  rendering  to  concrete  intended  to  resist  pressure  of 
water,  that  it  ought  never  to  be  omitted.  It  will  be  found  more 
economical  to  use  a  somewhat  poorer  concrete  well  rendered 
on  the  face,  than  to  try  to  obtain  a  concrete  impervious 
throughout  its  bulk. 

The  proportions  of  ingredients  required  to  produce  solid 
concrete  have  been  considered  in  Chapter  XII.  See  also 
Table  XVIII.,  p.  138.  The  points  to  be  borne  in  mind 
in  making  impervious  concrete  may  be  summed  up 
thus  : — (1)  the  voids  in  the  aggregate  must  be  as  small 
as  possible,  and  must  be  rather  more  than  filled  by  the 
mortar,  which  must  itself  be  impervious  ;  (2)  more  cement 
must  be  used  in  proportion  to  the  aggregate  than  for 
ordinary  work ;  (3)  the  full  quantity  of  water  must  be 
added  ;  and  (4)  the  concrete  must  be  well  rammed,  and 
brought  in  that  way  to  a  good  even  surface.  In  any  case, 
however,  a  thin  trowelled  coat  ought  to  be  added. 

All  limes  and  cements  are  not  equally  suitable  for  con- 

*  Society  of  Engineers,  1889. 

f  'Proceedings  of  the  Inst.  C.  M,  vol.  cvii.  (1891-2),  part  i. 


WEIGHT  OF  CONCRETE. 


181 


crete  intended  to  be  waterproof.  None  of  them  are  as 
impervious  as  asphalt,  but  Portland  cement  approaches  it 
most  nearly. 

Professor  Tichborne,  F.I.C.,*  found  the  relative  porosity 
of  certain  mortars  and  cements  to  be  as  follows  : — 1.  Com- 
mon lime-mortar  (1  to  2),  100;  2.  Plaster  of  Paris,  75  ; 
3.  Roman  cement,  25  ;  4.  Portland  cement,  10.  Asphalt 
is,  he  considers,  a  perfect  septum. 

Weight. — The  weight  of  concrete  is  sometimes  important; 
in  the  case  of  floors,  for  instance,  lightness  is  a  point  which 
ought  to  be  specially  considered  in  connection  with  the 
strength.  In  external  walls  there  can,  as  a  rule,  be  no 
objection  to  heavy  concrete,  but  in  internal  partition-walls, 
especially  on  upper  floors,  lightness  is  an  advantage.  The 
results  of  tests  by  Mr.  Grant  on  the  weights  of  the  various 
concretes  mentioned  in  Table  XVI.,  are  as  follows  : — 


Table  XX. — Weight  of  Portland-Cement  Concrete 
in  Lbs.  per  Cubic  Foot. 


J    Number.  1 

Aggregate. 

Six  to  One. 

Eight  to  One. 

Ten  to  One. 

Eatios  of 

Com- 
pressed. 

Not  Com- 
pressed. 

Com- 
pressed. 

Not  Com- 
pressed. 

Com- 
pressed. 

Not  Com- 
pressed. 

Weight. 

Strength. 

1 

Ballast   

143*2 

138-8 

142-8 

139 

141-4 

137-6 

99 

49-1 

2 

Portland  stone . 

135-2 

125-6 

130-5 

125 

131-5 

129-2 

91-3 

100 

3 

Granite   

148-2 

139-2 

144-8 

139-6 

139-2 

135-7 

99-4 

68-6 

4 

128-8 

126-8 

129-2 

125-6 

128-7 

125-2 

89-8 

74-4 

5 

Slag  

120-6 

118-4 

113-6 

109-8 

112 

110 

80-4 

56-4 

6 

Flints  

132 

121-6 

131-6 

123-2 

129-2 

121 

89-1 

56-3 

7 

148 

142 

144 

138-4 

143-2 

135-6 

100 

58-3 

We  learn  from  this  table  that  compression  increased  the 
weight  of  the  blocks  about  4  per  cent.,  while,  as  we  have 
already  shown,  it  increased  the  strength  about  27  per  cent. 
The  difference  in  weight  between  the  6  to  1  and  10  to  1 
concretes  is  only  about  3  per  cent.,  the  latter  being  the 


*  Paper  read  at  Sanitary  Congress,  Worcester,  18S9. 
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lighter  on  account  of  the  greater  amount  of  voids  therein. 
The  last  two  columns  are  interesting;  they  show  that 
ballast  and  glass  make  very  heavy  but  very  weak  concrete, 
and  that  Portland  stone  and  pottery  make  concrete  heavy 
but  strong,  Portland  stone  giving  the  greatest  strength  of 
all. 

The  weight  of  concrete  varies  also  according  to  the 
amount  of  sand  it  contains ;  a  concrete  having  too  little 
sand  will  be  more  porous,  and,  consequently,  lighter  than 
one  containing  more  sand,  other  things  being  equal. 

Again,  the  weight  of  different  kinds  of  the  same  class  of 
aggregates  varies  largely ;  e.g.,  different  sandstones  vary  in 
weight  from  about  116  lbs.  to  170  lbs.  per  cubic  ft.,  and 
the  weight  of  the  concrete  made  with  them  will  vary  in  the 
same  proportion. 

The  different  weights  of  different  limes  and  cements 
must  also  be  taken  into  consideration,  Portland  cement 
being  the  heaviest. 

For  these  reasons,  it  is  impossible  to  give  a  table  of 
weights  of  concrete  which  shall  be  of  much  value.  It  may, 
however,  be  said  that  Portland-cement  concrete,  having 
coke-breeze  as  its  aggregate,  will  weigh  from  70  to  80  lbs. 
per  cubic  ft.,  although  concrete  made  with  crushed  furnace- 
clinker  may  reach  118  lbs.  per  cubic  ft.  ;  burnt-clay  con- 
crete about  100  or  115  lbs. ;  brick  concrete  about  120  lbs. ; 
brick  concrete,  containing  or  2  volumes  of  sand,  125  to 
130  lbs.  ;  gravel  or  shingle  concrete  from  130  to  145  lbs.  ; 
and  granite  concrete  from  135  to  160  lbs.  Concrete  made 
with  broken  limestone  or  sandstone  will  vary  from  110  to 
150  lbs.,  according  to  the  weight  of  the  stone. 

Compressive  Strength. — The  compressive  strength  of 
Portland-cement  concretes  having  different  aggregates  has 
already  been  considered,  the  results  of  Mr.  Grant's  tests 
having  been  given  in  Table  XVI.,  p.  127.  The  compressive 
strength  of  concretes  having  the  same  aggregates,  but 
different  matrices,  remains  to  be  noticed,  and  here  again 
we  are  indebted  to  Mr.  Grant  for  a  valuable  series  of  tests. 

Altogether  he  made  350  6-in.  cubes  of  concrete  having 
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varying  proportions  (by  volume)  of  lime  or  cement  and 
aggregate ;  the  aggregate  in  each  case  consisted  of  gravel 
and  sand  (apparently  mixed  together  just  as  obtained  from 
the  pit  or  river),  weighing  137  lbs.  per  bushel ;  ten  blocks 
were  made  of  each  kind,  were  kept  in  air,  and  crushed  at 
the  end  of  twelve  months.  Table  XXI.  has  been  calculated 
and  framed  from  Mr.  Grant's  figures.* 


Table  XXI. — Compeessive  Steength  of  Conceete  in  Tons 
pee  Squaee  Foot. 


6 

525 

Limes  and  Cements. 

Weight 

per 
Bushel. 

Proportion  of  Lime  or  Cement 
to  Gravel  and  Sand. 

1  to  6   1  to  8  1  to  10  1  to  12 

Average 
ratios  of 
Strength. 

lbs. 

Tons. 

Tons. 

Tons. 

Tons. 

1 

10-2 

4-6 

5-2 

8-7 

2 

18-5 

7-6 

8-1 

14-9 

3 

11-4 

11-1 

11-5 

14-8 

4 

17-2 

19-6 

10-2 

20-3 

5 

23-0 

10-7 

8-5 

18-3 

6 

26-6 

15-3 

13-5 

24 

7 

Selenitic  Rugby  Lias 

37-1 

34-2 

21-1 

40 

8 

Selenitic  Aberthaw  lime 

34-1 

21-8 

15-4 

30-9 

9 

74 

17-2 

10-7 

5-8 

14-6 

10 

114 

100-7 

76-4 

53-5 

37  i 

loot 

11 

Portland  Cement  

120 

86-4 

91-7 

52-2 

29-1 

100f 

Mr.  Grant's  tests  show  that  1  to  8  concrete  is  about 
three-fourths  the  strength,  1  to  10  about  one-half  the 
strength,  and  1  to  12  about  one-third  the  strength  of  1  to 
6  concrete.  These  are  the  average  ratios  ;  individual  cases 
are  sometimes  very  different  from  these  ;  for  instance,  grey- 
lime  concrete  (1  to  8)  appears  weaker  than  (1  to  10),  the 
Lias-lime  concrete  No.  3  gives  practically  equal  results  with 
the  three  different  proportions,  and  the  Portland-cement 
concrete  No.  11  has  less  strength  when  used  in  the  propor- 
tion of  1  to  6  than  when  1  to  8.  But  we  must  look  on 
these  instances  as  abnormal.    It  is  clear  that  the  lime-con- 

*  For  the  tensile  strength  of  the  same  limes  and  cements,  see 
Table  I.,  page  20. 
t  Not  including  the  1  to  12  mixtures. 
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cretes, — namely,  Nos.  1,  3,  and  5, — differ  most  widely  from 
the  average  ratios.  And  this  is  one  of  the  disadvantages  of 
lime-concrete ;  one  is  never  as  sure  of  its  behaviour  as  of 
that  of  Portland  cement. 

The  regulations  of  the  London  County  Council  require 
the  foundations  of  walls  to  be  formed  of  good  concrete, 
composed  either  of  1  part  lime  and  6  parts  aggregate,  or 
of  1  part  cement  and  8  parts  aggregate.  When  these  pro- 
portions are  considered  in  the  light  of  Mr.  Grant's  experi- 
ments, it  is  clear  that  the  lime-concrete  allowed  by  the  regu- 
lations is  far  inferior  in  strength  to  the  cement-concrete,  if 
the  cement  be  Portland. 

If  we  compare  the  1  to  6  lime-concretes,  with  the  1  to 
8  cement-concretes,  we  find  that  the  best  Lias-lime  concrete 
tested  by  Mr.  Grant  (No.  5)  is  less  than  one-third  the 
strength  of  the  worse  Portland-cement  concrete,  and  only 
one-fourth  the  strength  of  the  better.  Portland-cement 
concrete  (1  to  12)  is  shown  to  be  better  than  the  best  Lias- 
lime  concrete  (1  to  6).  Mr.  Bernays,  at  Chatham  Dockyard, 
found  that  1  to  12  Portland-cement  concrete  cost  the  same 
as  1  to  6  Lias-lime  concrete,  and  was  stronger  and  more  uni- 
form. There  is  no  doubt  that  the  regulations  of  the  London 
County  Council  favour  the  use  of  inferior  matrices  in 
concrete. 

For  the  relative  cost,  per  unit  of  strength,  of  lime  and 
cement-mortars,  see  Table  III.,  page  23. 

Resistance  to  Fire. — The  resistance  of  concrete  to  fire 
varies  greatly  according  to  its  composition.  Portland 
cement  is  the  best  matrix,  and  coke-breeze,  brick,  and  slag 
are  among  the  best  aggregates,  in  this  respect.  The  old 
fiction,  that  concrete  is  fire-proof,  has  been  exploded  for 
some  time,  and  there  seems  a  disposition  nowadays  to  go  to 
the  opposite  extreme  and  to  say  that  it  is  scarcely  fire- 
resisting.  Attempts  to  protect  iron  by  means  of  concrete 
are  looked  upon  as  old-fashioned,  and  inventors  are  turning 
all  their  attention  to  fire-clay  tubes  and  blocks.  The  ex- 
pense of  these  is  against  their  adoption  in  the  commoner 
sort  of  buildings,  and  it  is  certainly  better  in  these  cases  to 
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provide  an  incombustible  fire-resisting  floor  of  concrete  and 
iron  than  a  combustible  fire-assisting  floor  of  wood.  The 
former  will  be  more  expensive  than  the  latter,  but  it  will 
be  considerably  cheaper  than  the  floor  containing  fire-clay 
tubes. 

The  actual  amount  of  heat  conveyed  to  iron  bars  through 
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Fig.  8. — Diagram  showing  the  Heat  imparted  to  Iron  Bars  protected 
by  2,  3,  and  4  inches  of  Concrete,  when  placed  over  a  Furnace 
for  12  hours. 


2,  3,  and  4  inches  of  concrete,  has  been  ascertained  by  Mr. 
Thaddeus  Hyatt.  The  thermal  diagram,  figure  8,  shews 
the  results  obtained  by  him,  and  is  a  modification  of  the  one 
given  in  his  book  on  concrete.*  A  furnace,  about  18  inches 

*  "  Experiments  with  Portland -Cement  Concrete  combined  with 
Iron,"  by  Thaddeus  Hyatt. 
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wide  internally,  was  constructed,  its  top  being  formed  of 
concrete.  The  width  of  the  concrete  over  the  fire-box  of  the 
furnace,  was  divided  into  three  parts,  each  part  having  an 
iron  bar  let  into  its  upper  surface  ;  the  right-hand  bar  was 
protected  underneath  by  2  in.  of  concrete,  the  middle  one 
by  3  in.,  and  the  left-hand  one  by  4  in.  The  composition 
of  the  concrete  is  not  definitely  stated,  but  it  was  presum- 
ably the  same  as  in  some  other  experiments,  namely,  1  part 
Portland  cement  and  2  parts  crushed  stock  bricks.  The 
age  of  the  concrete  also  is  not  stated.  The  fire  in  the 
furnace  was  kept  burning  for  12  hours,  "an  intense  heat 
being  maintained  the  whole  time,  and  the  temperature  noted 
every  few  minutes." 

"  It  will  be  observed  on  examining  the  chart  that  the 
thermal  lines,  as  they  approach  the  boiling  point  of  water 
remain  in  that  vicinity  for  some  considerable  time,  the  ex- 
planation of  which  is  that  this  length  of  time  was  required 
for  the  evaporation  of  a  certain  amount  of  free  moisture  con- 
tained in  the  concrete,  after  which  the  temperature  again 
continued  to  rise  as  before.  It  will  be  also  noted  that  the 
thermal  line  of  the  3  in.  thickness  of  concrete  is  higher 
than  a  mean  between  the  2  in.  and  4  in.  thicknesses,  which 
may  be  accounted  for  on  the  ground  of  its  position  at  the 
centre  of  the  top  of  the  furnace."* 

The  diagram  shews  "  that  in  3  hours  after  the  fire  was 
lighted,  the  temperature  of  iron  protected  by  2  in.  of  con- 
crete was  250° ;  in  5  hours,  it  was  650°,  and,  finally,  at  the 
end  of  12  hours  900°,  or  red  hot  in  the  dark  ;  while  the 
iron  protected  by  4  in.  of  concrete  for  5|  hours  did  not 
exceed  212°  ;  in  8  J  hours  the  temperature  was  450°,  and  at 
the  end  of  12  hours,  550°,  or  less  than  the  melting  point 
of  lead."* 

We  are  not  told  whether  the  concrete  remained  perfect  at 
the  end  of  the  experiment,  or  not,  but  we  presume  that  it 
did,  otherwise  Mr.  Hyatt  would  have  noted  the  damage. 
Apparently,  however,  he  wished  to  make  assurance  doubly 

*  "Experiments  with  Portland- Cement  Concrete  combined  with 
Iron,"  by  Thaddeus  Hyatt, 
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sure,  for  a  second  furnace  was  built  5  ft.  long  and  2  ft.  wide 
internally,  the  top  being  formed  with  a  slab  of  concrete 
(presumably  of  1  cement  to  2  crushed  brick)  which  had  a 
bearing  of  6  in.  at  each  end  of  the  furnace  but  was  quite 
free  at  the  sides.  In  the  middle  of  the  concrete  wrought 
iron  was  embedded  in  gridiron  form  (see  Fig.  30,  p.  271), 
"  3  in.  of  concrete  being  above,  and  3  in.  below  the 
metal.  Loose  bricks  were  piled  upon  the  furnace  top  until 
a  load  was  obtained  of  300  lbs.  to  the  foot  square  over  the 
whole  surface,*  the  deflection  being  with  this  load  ^  of  an 
inch  in  a  span  of  5  ft.  The  fuel  was  arranged  to  form  an 
incandescent  bed  6  in.  thick  at  12  in.  below  the  under  face 
of  the  concrete  slab.  The  fire  being  kindled  at  six  o'clock  in 
the  morning,  had  by  eleven  become  an  intense  heat  perfectly 
uniform  over  the  entire  surface,  and  the  bottom  of  the  concrete 
was  also  at  a  glowing  red  heat  all  over.  At  this  intensity  the 
fire  was  kept  up  until  4  p.m.,  a  period  of  ten  hours  from  the 
lighting  of  it.  During  this  time  the  slab  had  deflected  f-  of 
an  inch.  A  stream  of  cold  water  was  now  thrown  forcibly 
against  the  bottom  of  the  slab  for  a  period  of  15  or  20 
minutes,  by  means  of  a  garden  force-pump,  and  the  load 
then  removed.  On  examining  the  underside  of  the  section 
it  was  found  uninjured ;  and  the  next  morning,  being  then 
entirely  cold,  the  deflection  had  disappeared,  the  slab  having 
returned  to  its  former  level.  In  order  to  confirm  these  results, 
a  second  trial  was  made ;  this  time  the  load  was  left  upon 
the  slab,  which  during  the  firing  deflected  as  before,  but 
upon  cooling  returned  to  its  original  level,  lifting  the 
load  with  it.  In  proof  of  the  heat  of  the  furnace  it  may  be 
mentioned  that  in  the  course  of  this  experiment  the  faces  of 
all  the  side  bricks  in  actual  contact  with  the  fire  were 
melted." 

These  experiments  seem  to  shew  that  good  concrete  will 
resist  fire  to  a  very  considerable  extent,  and  that  a  thickness 
of  2  or  3  in.  will  effectually  prevent  iron  from  being 
damaged  in  (at  least)  moderately  severe  conflagrations. 


*  In  addition  to  the  weight  of  the  concrete, — GrtL.S, 
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And  it  must  not  be  forgotten  that  in  those  buildings  where 
the  goods,  &c.  are  not  particularly  inflammable  and  numer- 
ous, a  floor,  which  will  resist  fire  for  a  few  minutes  only,  is 
frequently  the  means  of  confining  the  fire  until  extinguish- 
ing appliances  can  be  brought  Into  use,  and  in  this  way  of 
preventing  the  destruction  of  the  premises. 

The  testimony  of  Mr.  Wm.  Swanton  of  the  Metropolitan 
Salvage  Corps  is  valuable.  To  a  Committee  of  the  Society 
of  Arts,  which  was  inquiring  into  "  the  means  of  protecting 
the  Metropolis  against  conflagration,"  he  said,  "the  effect 
of  fire  on  concrete  is  scarcely  perceptible  in  ordinary  fires, 
especially  when  the  ceilings  and  floors  were  formed  of  that 
material ;  but  in  very  large  fires  the  concrete  would  split 
into  irregular  forms,  but  not  until  it  became  almost  red-hot, 
and  was  subjected  to  the  action  of  cold  water  thrown  on  it, 
and  even  then  the  result  could  not  be  compared  to  that  of 
ordinary  stone." 

Captain  Shaw,  however,  expressed  a  different  opinion. 
The  collapse  of  a  number  of  concrete  floors  in  burning 
buildings  led  him  at  one  time  to  forbid  his  men  to 
enter  during  a  fire  any  room  which  had  a  concrete  floor 
over  it. 

And  more  recently,  in  a  paper  read  at  the  International 
Fire  Prevention  Congress  held  in  London  in  June,  1903, 
Mr.  Arthur  Pordage,  firemaster  of  Edinburgh,  stated  that 
his  own  experience  led  him  to  the  conclusion  that  a  well- 
constructed  wooden  floor  with  plastered  ceiling  is  less 
dangerous  than  many  of  the  so-called  "fire-proof"  struc- 
tures of  steel  and  concrete.  In  the  discussion  on  this  paper, 
Mr.  E.  G.  Rivers  (of  His  Majesty's  Office  of  Works)  stated 
that  concrete,  reinforced  with  a  meshwork  of  wires,  had 
been  tested  with  satisfactory  results,  but  added — "  many 
concretes  ....  are  absolute  failures  from  a  fire- 
resisting  point  of  view ;  if  a  rotten  aggregate,  or  an  aggre- 
gate which  calcines  under  heat,  is  used,  failure  must  be 
looked  for ;  a  typical  aggregate  is  one  which  has  already 
been  vitrified,  such  as  crushed  furnace  slag." 
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CONCRETE  BEAMS. 

Unsuitability  of  the  material — Experiments  on  beams  (Table  XXII.) 
—Formulas  I.  to  VII.— Increase  of  strength  due  to  fixing  the 
ends — Mr.  Colson's  Tests — Example. 

Unsuitability  of  the  Material. — Concrete  is  not  a 
suitable  material  for  resisting  transverse  stress.  Like  cast 
iron,  its  tensile  strength  is  far  inferior  to  its  compressive 
strength ;  indeed  the  difference  between  the  tensile  and 
compressive  strength  of  concrete  is  greater  than  in  the  case 
of  cast  iron.  The  disadvantages,  therefore,  which  have  led 
to  the  disuse  of  the  latter  material  in  the  form  of  beams, 
are  even  more  marked  in  concrete,  and  are  an  important 
factor  in  determining  the  uses  to  which  concrete  can  safely 
and  economically  be  put.  Like  stone,  concrete  is  most 
safely  and  economically  employed  in  such  a  manner  as  to  be 
subject  to  a  compressive  and  not  a  transverse  stress.  And 
just  as  stone  lintels  over  large  openings  are  cumbrous  and 
dangerous,  liable  to  crack  with  the  least  irregular  settle- 
ment of  the  supports,  so  also  concrete.  With  firm  abut- 
ments, both  materials  can  be  used  with  greater  safety  and 
economy  in  the  form  of  arches.  But  it  is  not  always 
possible  so  to  arrange  our  materials  as  to  have  them  subject 
solely  to  the  stress  they  are  best  able  to  resist,  and  it 
therefore  happens  that  in  foundations,  floors,  lintels,  &c, 
concrete  is  frequently  employed  subject  in  a  great  measure 
to  transverse  stress.  For  this  reason  it  behoves  us  to  con- 
sider the  strength  of  concrete  beams. 
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Experiments  on  Beams. — The  strengths  of  limes,  cements, 
and  mortars  have  been  given  in  previous  chapters,  and  from 
these  the  transverse  strength  of  concrete  has  often  been 
calculated,  but  these  data  are  at  the  best  unsatisfactory. 
Even  transverse  tests  of  mortar  (see  Table  XL,  page  72)  are 
not  to  be  relied  on.  They  are  like  the  results  obtained  by 
Tredgold  and  other  early  experimenters  on  the  transverse 
strength  of  small  pieces  of  wood  ;  the  strength  of  beams, 
calculated  from  the  results  thus  obtained,  was  always  placed 
too  high.  In  order  to  obtain  an  approximate  estimate  of 
the  proper  strength  of  concrete  beams,  we  must  deduce 
our  constants  from  the  breaking  weights  of  similar  beams. 
Table  XXII.  gives  a  few  results  of  that  kind,  together 
with  the  constants  or  co- efficients  of  rupture,  deduced  from 

2  BD2 

the    same   according    to  the  formula, — W  =  —  C  — — — , 

3  L 

which,  being  transposed,  gives  C  = 

The  first  thing  which  strikes  us  on  a  perusal  of  the  pre- 
ceding table  is  the  great  difference  in  the  strength  of  the 
various  beams.  If,  however,  we  make  due  allowance  for 
the  different  proportions  of  cement  and  aggregate  in  the 
several  concretes,  and  for  the  difference  in  their  age  at  the 
time  of  testing,  we  find  that  the  variation  in  strength  is 
really  not  excessive,  although  doubtless  sufficient  to  cause 
any  calculations  based  on  some  of  the  highest  of  the  con- 
stants to  be  viewed  with  a  certain  amount  of  suspicion. 
The  weakening  effect  of  sand  is  particularly  noticeable  ; 
compare  1 1  with  1 2,  and  also  examine  the  two  series  of  tests 
13  to  16  and  20  to  26.  The  dissimilarity  of  the  results  is 
also  due  in  part  to  the  fact  that  the  experiments  were 
carried  out  at  different  times  by  different  persons,  with 
different  cements  and  aggregates. 

It  is,  indeed,  impossible  from  existing  data  to  calculate 
with  accuracy  the  value  of  C  for  variously-propor- 
tioned concretes ;  a  long  series  of  experiments  would  be 
required  before  this  could  be  done.    Until  such  experi- 
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ments  have  been  made,  architects  must  perforce  proceed 
more  or  less  empirically  in  the  construction  of  concrete 
foundations,  floors,  roofs,  &c,  but  the  foregoing  table  will 
give  a  general  idea  of  the  constants  to  be  employed  in 
making  calculations  for  such  purposes. 

In  Table  XI.,  page  72,  the  transverse  strength  of  Portland 
cement,  neat  and  with  different  proportions  of  sand,  was 
given,  and  the  constants  were  shewn  to  vary  from  12*3  for 
neat  cement  to  1  *8  for  mortar  consisting  of  1  part  cement 
to  5  parts  sand.  Roman-cement  mortar  (1  to  1)  was 
between  one-half  and  one-third  the  strength  of  similar 
Portland-cement  mortar. 

It  will  be  noticed  that  the  transverse  strength  of  good 
ordinary  concrete  compares  favourably  with  that  of  some 
natural  stones.  Specially-prepared  concrete,  of  course, 
gives  even  better  results  : — for  instance,  at  the  Croft  Con- 
crete Works,  a  flag  is  now  bearing  without  deflection  or 
sign  of  distress,  a  load  which,  had  it  been  the  breaking 
weight,  would  have  yielded  a  constant  of  no  less  than  3*7. 
For  beams  and  floors,  a  carefully  prepared  concrete,  rich  in 
cement,  is  preferable  to  a  weak  concrete,  as  the  strength  is 
not  only  greater  but  also  more  uniform,  and  the  dead- 
weight of  the  structure  is  considerably  less. 

Formulas. — The  strength  of  rectangular  beams  is  con- 
sidered in  several  text-books,  and  it  will  be  sufficient  here 
to  repeat  the  usual  formulas,  from  which  the  strength  or 
dimensions  can  be  calculated.  W  =  breaking  weight  in 
cwt. ;  B  =  breadth  in  inches ;  D  =  depth  in  inches ;  L  = 
length  or  clear  span  in  inches ;  and  C  =  constant  or  co- 
efficient of  strength. 

To  find  the  strength  of  rectangular  beams  supported  at 
the  ends  and  loaded  at  the  centre,  we  have  the  formula 

w=|cBTD-    (L). 

3  L 

For  beams  supported  at  the  ends  and  uniformly  loaded,  we 

have  a  t>T)2 

W  =  i-C—    (II). 
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For  beams  fixed  at  the  ends  and  loaded  at  the  centre,  we 
have 

4  BD2 

w  =  fc17-  <IIL>- 

For  beams  fixed  at  the  ends  and  uniformly  loaded,  we  have 
BD2 

W  =  2  C  ztL   (IV.). 

Li 

For  beams  fixed  at  one  end,  supported  at  the  other,  and 
loaded  at  the  centre,  we  have 

w=|c2£!    (V.); 

and  for  similar  beams  uniformly  loaded,  we  have 
4  BD2 

W  =  -Jc=l-    (VI). 

3  L 

For  beams  fixed  at  one  end  only,  and  free  at  the  other, 
and  uniformly  loaded,  we  have 

W  =  |c?5-2   (VIL). 

These  are  the  formulas  given  by  Professor  Unwin, 
although  somewhat  differently  expressed.  It  will  be  noticed 
that  formulas  II.,  III.,  and  VI.  are  the  same,  and  that  the 
strength  of  centrally-loaded  beams  with  fixed  ends  is  100 
per  cent,  more  than  when  the  ends  are  supported,  while  that 
of  uniformly-loaded  beams  with  fixed  ends  is  only  50  per 
cent,  more  than  with  the  ends  supported.  In  the  former  the 
ratio  is  as  100  is  to  50,  in  the  latter  as  100  is  to  66*6. 

Experiments  go  to  prove  that  these  ratios  do  not  hold 
good  for  concrete  beams  ;  fixing  the  ends  of  these  seems  to 
convert  them  into  flat  arches  of  considerable  strength,  but 
no  definite  rule  can  yet  be  formulated  on  account  of  the 
paucity  of  experiments. 

Increase  of  Strength  due  to  Fixing  the  Ends. — Prof. 
Anderson,  in  his  "  Strength  of  Materials,"  says  : — "  The 
increase  of  strength,  due  to  secure  fixing  of  the  ends,  has 
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been  variously  stated"  [from  once-and-a-half  to  twice  the 
strength  when  supported] but  it  is  obvious  that 
the  value  will  depend  upon  so  many  conditions  that  it-  is 
impossible  to  say  precisely  what  it  is  beforehand  ;  it  must, 
therefore,  be  considered  as  doubtful,  unless  all  the  con- 
ditions are  known  definitely ;  at  the  same  time,  the 
importance  of  secure  fixing,  wherever  it  can  be  employed, 
should  be  noted." 

In  the  case  of  concrete  floors,  laid  over  the  walls  when 
these  have  reached  the  proper  height,  and  subsequently 
built  upon,  we  have  a  degree  of  fixity  apparently  far  in 
excess  of  that  attained  when  the  concrete  is  simply  let  into 
chases  in  the  walls,  or  supported  on  corbel  courses  pro- 
jecting therefrom.  In  the  former  case  the  ends,  or  edges 
of  the  floor  are  securely  fixed,  provided,  of  course,  that 
the  weight  of  wall  above  the  floor  is  enough ;  but  in  the 
latter  case  they  are,  to  some  unknown  extent,  simply  held 
in  addition  to  being  supported. 

It  may  be  thought  that  floors  resting  on  corbel  courses 
are  supported,  and  nothing  more,  but  this  is  not  the  case, 
for  the  concrete  abuts  against  the  walls,  and  is  prevented 
by  them  from  spreading ;  in  this  way,  the  floor  becomes 
really  a  flat  arch  or  (contradiction  in  terms)  a  flat  dome, 
and  may  carry  more  than  twice  as  much  as  if  the  ends  were 
merely  supported. 

Mr.  Colson's  Tests. — This,  at  any  rate,  has  been  shown 
by  experiment  to  be  the  case  with  concrete  beams  tested 
by  Mr.  C.  Colson,  and  described  by  him  in  the  Proc.  Inst 
C.  R,  vol.  liv.  (1877-8),  part  iv. 

Two  concrete  beams  were  formed,  9  ft.  long,  21  in.  wide, 
and  9  in.  deep,  supported  4  J  in.  at  each  end,  the  concrete 
being  composed  of  1  part  Portland  cement,  3  parts  sand, 
and  6  parts  screened  harbour  shingle.  The  ends  of  one  of 
the  beams  (No.  1)  were  prevented  from  spreading  by 
counterforts  as  at  A.,  Fig.  9 ;  while  those  of  the  other  beam 
(No.  2)  were  simply  supported  as  at  B.  At  the  end  of 
fourteen  days  the  scaffolding  under  the  concrete  was  very 
carefully  removed,  when  beam  No.  2  at  once  broke  with  its 
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own  weight,  while  beam  No.  1  exhibited  "  no  sign  whatever 
of  weakness." 

"  After  remaining  unsupported  for  a  further  period  of  six- 
teen days,  the  beam  (No.  1)  was  tested  by  placing  weights 
on  the  centre.  Under  0*25  ton  a  faint  crack  was  observed 
at  the  centre  through  the  whole  width  of  the  beam  ;  with 
0*635  ton  it  had  increased  as  nearly  as  could  be  determined 
to  half  the  depth,  viz.,  4|  in.,  and  opened  to  about  TXF  in. 
at  the  lower  surface.  The  full  extent  of  the  fracture 
probably  exceeded  this,  although  not  apparent  on  the 
surface.  No  perceptible  upward  extension  of  the  fracture 
could,  however,  be  detected  after  the  imposition  of  the 


Fig.  9.— Elevation  of  Two  Beams  tested  by  Mr.  C.  Colson. 

weight  last  referred  to.  The  load  at  the  centre  was  ulti- 
mately increased  to  1*292  ton,  when  the  beam  broke. 
This  experiment  shows  the  necessity  of  guarding  against 
the  possibility  of  lateral  movement,  in  the  slightest  degree, 
in  the  supporting  girders  of  a  floor ;  in  this  case  by  so 
doing  the  supporting  power  of  the  beam  was  materially 
increased.  It  also  shows  that  the  mass  within  the  dotted 
line  ah  c  [Fig.  9]  adds  nothing  to  the  strength  of  the  beam 
when  confined  at  the  ends,  as  proved  by  the  crack  appear- 
ing so  soon  after  the  commencement  of  the  loading." 

Three  other  concrete  beams,  of  exactly  similar  composi- 
tion to  the  two  just  mentioned,  had  previously  been  made 
and  tested  by  Mr.  Colson  \  the  results  of  these  tests  are 
given  in  Table  XXII.,  No.  24.  The  average  value  of  C  for 
two  of  these  beams  is  *92,  the  ends  being  simply  supported, 
while  the  value  of  C  for  the  beam  confined  at  the  ends,  if 
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we  use  the  formula  for  a  supported  beam,  is  no  less  than 
2-6,  or  nearly  three  times  as  much.  According  to  the 
usually  accepted  formulas  for  the  strength  of  beams,  fixing 
the  ends,  at  the  most,  only  doubles  the  strength  (see 
formulas  I.  and  III.),  but  in  this  case  merely  confining  the 
ends  effected  a  considerably  greater  increase. 

If  we  may  judge  from  Mr.  Colson's  experiment,  the  great 
compressive  strength  of  the  material  enables  a  flat  concrete 
beam,  when  the  ends  are  simply  confined,  to  become  to  all 
intents  and  purposes  an  arch  capable  of  carrying  as  great 
a  load  as  if  the  ends  were  securely  fixed.  This,  however, 
needs  further  proof,  and,  until  this  is  forthcoming,  care 
should  be  taken  that  concrete  subject  to  transverse  stresses, 
should  have  the  edges  as  securely  fixed  as  possible,  in  order 
that  full  advantage  may  be  taken  of  the  increase  of  strength, 
be  it  more  or  less,  which  such  fixing  is  known  to  insure. 

Example. — An  example  of  calculating  the  dimensions  of 
a  concrete  beam  for  a  given  span  and  weight  may  be  of  use 
to  the  student.  Let  us  take  the  case  of  a  floor  with  two 
opposite  edges  fixed  in  walls,  the  remaining  two  edges  being 
free.  Required  the  thickness  of  concrete  to  carry  a  distri- 
buted load  of  1  cwt.  per  sq.  ft.  (in  addition  to  the  weight  of 
the  concrete)  over  a  span  of  12  ft.  and  width  of  10  ft., — 
two  opposite  edges  fixed, — at  the  age  of  6  weeks ;  the  con- 
crete to  be  composed  of  1  part  Portland  cement  and  4  parts 
clean  breeze. 

The  weight  of  the  concrete  itself  must  be  considered  as 
part  of  the  load,  but,  as  its  thickness  is  unknown,  its  weight 
also  is  unknown,  and  therefore  the  total  load  on  the  con- 
crete cannot  be  stated  offhand.  On  account  of  this  the 
calculations  are  rendered  more  intricate.  The  total  weight 
of  the  slab,  assuming  the  concrete  to  weigh  f  cwt.  per  cub. 

*4.     -11 1.   I)  (i.e.,  depth  in  ins.)  ~  „,  H  .  „ 

ft.  will  be — * — I — f-  '   X    12  ft.    X    10  ft.  X 

f  cwt.  =  7*5  D.  If  to  this  we  add  the  total  distributed 
load  which  the  slab  is  required  to  carry,  we  get 


W  =  7-5D  +  (12  x  10  x  1  cwt.)  =  7-5D  +  120. 
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According  to  Table  XXII.,  No.  5,  the  value  of  C  for  con- 
crete of  the  age  and  composition  given,  is  4'15.  If  we 
allow  a  factor  of  safety  of  about  4,  we  get  a  safe-load  con- 
stant of  (say)  1. 

Formula  IV.  for  beams  fixed  at  the  ends  and  uniformly 
loaded,  is  the  one  required  for  the  present  calculation, 
although,  from  the  remarks  already  made,  it  will  be  under- 
stood that  it  probably  under-estimates  the  strength  of  the 
fixed  beams  : — 

W  =  2C  — . 

L 

Transposing  this,  we  get 

2CB 

On  substituting  the  data  for  the  general  terms,  the 
equation  stands  thus  : — 

D2       (7-5D  +  120)  x  144  (7-5D  +  120)  x  3 
2  x  1  X  120  5 

D2  =  4-5D  +  72 

D2  -  4-5D  =  72 

By  adding  5*0625  to  each  side  of  the  equation  we  are 
enabled  to  reduce  the  equation  to  simpler  terms  : — 

D2  -  4-5D  +  5-0625  =  72  +  5-0625  =  77-0625. 

Find  the  square  root  of  each  side,  and  the  result  is 

D  -  2-25  =  8-78 
and    D  =  8-7  +  2*25  =  11  inches. 

The  calculations  may  be  simplified  by  taking  an  unit  of 
width,  instead  of  the  actual  width  ;  thus  the  weight  upon 
(say)  1  inch  or  1  foot  may  be  taken  and  the  thickness  of 
this  may  be  calculated,  the  result  being  the  same  as  for  the 
whole  beam. 

We  shall  see  hereafter  that  if  this  slab  were  fixed  along- 
all  its  four  edges  instead  of  only  along  two,  its  strength 
would  be  doubled. 


CHAPTER  XVII. 


COMPOUND  BEAMS  OF  CONCRETE  AND  IKON. 

Concrete  compared  with  cast-iron— Addition  of  iron. in  tension- 
Two  principles— Quantity  of  iron  required— Example— Co- 
operation of  iron  and  concrete— Slipping  of  iron  ties— Mr.  Hyatt's 
beams— Comparison  of  their  tensile  and  compressive  resistances 
—Calculations  of  their  strength— Inaccuracy  and  danger  of 
theoretical  investigations— Tests  for  Mr.  Hyatt  and  Mr.  Edwards 
(Table  XXIII.)— Deductions  from  the  same. 

Concrete  compared  with  Cast  Iron. — We  have  already 
explained  that  concrete  alone  is  not  a  suitable  material  for 
resisting  transverse  stress  on  account  of  its  feeble  tenacity 
in  comparison  with  its  crushing  strength.  The  same  dis- 
advantage was  manifest  in  the  case  of  cast  iron,  and  the 
difficulty  was  met  by  making  the.  area  of  the  bottom  flanges 
about  six  times  as  great  as  that  of  the  top  flanges.  When 
all,  however,  was  done  that  could  be  done,  the  result  was 
unsatisfactory,  and  cast-iron  girders  were  invariably  looked 
upon  with  suspicion.  They  were  readily  abandoned  in 
favour  of  rolled  iron  or  steel  girders  when  these  were  put 
upon  the  market. 

Addition  of  Iron  in  Tension.— Concrete  beams  in  the 
same  way  are  rightly  regarded  with  suspicion,  but,  unlike 
cast  iron,  the  material  does  not  readily  lend  itself  to  the 
formation  of  irregular  sections.  Experimenters  have  there- 
fore turned  their  attention  to  the  problem  of  devising  some 
simple  means  of  increasing  the  tenacity  of  concrete  beams, 
and  making  it  approximately  equal  to  the  compressive 
strength.  A  step  in  this  direction  would  be  to  make  the 
lower  half  of  beams  of  a  richer  concrete  than  the  upper 
half,  but  this  would  only  go  a  very  little  way  indeed 
towards  meeting  the  difficulty.    The  method  most  usually 
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adopted  has  been  that  of  embedding  wrought  iron  bars  or 
rods,  which  possess  great  tensile  strength,  in  the  lower  half 
of  the  concrete,  and  the  results  have  been  satisfactory. 
The  transverse  strength  of  the  compound  beams  greatly 
exceeds  that  of  simple  concrete  beams,  and  instead  of 
giving  way  suddenly  and  totally,  the  compound  beams 
yield  gradually  and  the  collapse  is  only  partial. 

The  first  experiments  in  this  direction  were  made,  we 
believe,  by  Messrs.  M.  Allen  &  Son  and  Mr.  Thaddeus 
Hyatt,  the  well-known  inventor  of  semi-prism  pavement- 
lights.  The  results  of  the  latter's  costly  experiments  were 
printed  by  him  and  privately  circulated.  As  the  book  is 
not  to  be  obtained  by  the  general  reader,  Mr.  Hyatt 
has  very  courteously  permitted  us  to  make  extracts  from 
it.  Other  experiments  have  more  recently  been  made 
for  Mr.  F.  G.  Edwards,  particulars  of  which  will  be  found 
in  The  Builder  for  May  2,  1891.  Before  giving  the  de- 
tails of  these  tests,  it  will  be  well  to  consider  the  theory 
of  the  combination  of  iron  and  concrete. 

Two  Principles. — Compound  beams  or  slabs  of  iron  and 
concrete  may  be  constructed  on  two  principles. 

In  the  first  place,  the  compressive  strength  of  the  con- 
crete may  be  considered  sufficient  in  itself,  and  iron  is  then 
added  in  such  a  position  and  quantity  as  will  exactly  suffice 
to  give  to  the  tension-half  of  the  beam  a  tenacity  equal  to 
the  compressive  strength  of  the  upper  half. 

On  the  other  hand,  it  may  be  desired  to  increase  not 
only  the  tensile  but  also  the  compressive  strength  of  the 
beam.  When  we  consider  that  good  concrete  has  a 
crushing  strength  of  only  about  1  ton  per  sq.  in.,  while 
wrought  iron  does  not  crush  under  less  than  about  1 6  tons 
per  sq.  in.,  we  can  see  that  the  comparative  weakness  of 
the  former  can  easily  be  eked  out  by  the  use  of  the  latter 
material,  but  when  this  is  done  the  quantity  of  iron  in  the 
lower  half  of  the  beam  or  slab  should  be  proportionately 
increased,  or  the  iron  added  to  the  upper  half  will  be 
wasted.  The  use  of  symmetrical  rolled  iron  joists  in  floors 
is  therefore  unscientific,  unless  the  ironwork  is  designed  to 


CONCRE TE-AND-IR ON  BEAMS. 


201 


carry  the  whole  weight  of  the  floor  including  the  concrete ; 
in  which  event,  the  concrete  is  considered  merely  as  so 
much  pugging,  its  strength  being  despised. 

Quantity  of  Iron  required. — In  making  any  combina- 
tion of  iron  and  concrete,  on  the  first  principle  just  men- 
tioned, the  iron  should  exactly  suffice  to  give  to  the  tension 
half  of  the  beam  a  tenacity  equal  to  the  compressive 
resistance  of  the  upper  half.  In  order  to  calculate 
accurately  the  quantity  of  iron  required,  it  wTould  be  neces- 
sary to  ascertain  exactly  the  ratio  existing  between  the 
tensile  and  the  compressive  strength  of  the  concrete,  but  as 
this  varies  with  almost  every  matrix  and  aggregate  em- 
ployed, only  an  approximation  to  the  truth  can  be  obtained. 
To  show  this  variation,  reference  may  be  made  to  Table  IV., 
page  30,  where  the  tensile  and  compressive  strengths  of 
Roman  cement  are  about  as  1  to  6  or  7,  and  of  Portland 
cement  about  as  1  to  8  or  9 ;  further  reference  may  then 
be  made  to  Tables  I.  and  XXI.  (pages  20  and  183  respec- 
tively), and  also  to  the  section  on  the  "  compressive 
strength  "  of  Portland  cement  (pp.  69 — 71). 

Even  in  the  case  of  Portland  cement,  the  ratio  is  seen  to 
vary  greatly,  but  it  is  usually  considered  that  the  average 
ratio  is  about  as  1  is  to  10.  Let  us  take  these  figures, 
and  with  their  help  try  to  obtain  a  compound  beam  of  iron 
and  concrete,  in  which  the  resistance  to  tension  and  com- 
pression shall  be  approximately  equal. 

Concrete  composed  of  Portland  cement  and  aggregate  in 
the  proportion  of  1  to  4,  may  be  taken  to  have  a  tensile 
strength  of  about  150  lbs.  per  sq.  in.,  and  a  compressive 
strength  of  about  1,500  lbs.  Wrought  iron  has  a  tensile 
strength  of  about  25  tons  or  56,000  lbs.  per  sq.  in.  If  we 
allow  a  factor  of  safety  of  6  for  the  concrete,  and  of  5  for 
the  wrought  iron,  we  get  the  following  working  stresses  : — 


Wrought  iron,  tension        .        .     11,200  „     „    „  „ 

Example. — Figure  10  represents  a  concrete  beam  6  ins. 
square,  the  neutral  axis  N  being  assumed  to  pass  through 


Concrete, 


25  lbs.  per  sq.  in. 

250  „     „    „  ,, 


4 
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its  centre  of  gravity  X.  When  the  team  is  loaded,  the 
upper  half  will  be  in  compression  and  the  lower  in  tension. 
The  stress  in  each  case  will  be  greatest  at  the  greatest 
distance  from  the  neutral  axis,  i.e.,  along  the  lines  AB  and 
CD  respectively.  The  stress  along  AB  must  not  exceed 
250  lbs.  per  sq.  in.,  and  that  along  CD  25  lbs.  The 
stresses  gradually  diminish  from  the  top  and  bottom  sur- 
faces of  the  beam  to  the  neutral  axis,  where  the  tension  and 
compression  are  each  reduced  to  zero.    The  mean  stress, 


B 


'to 


^ 


Fig.  10. — Section  of  Concrete  Beam  with  Three  Iron  Tension-rods, 
therefore,  which  can  be  put  upon  the  upper  half  of  the  beam 

will  be  =  125  lbs.  per  sq.  in.,  and  that  on  the 

2 

lower  half  will  be  ^-+—  =12*5  lbs. 


In  each  case  the  resistance  will  be  the  mean  stress  X 
the  area  X  one-third  the  depth  of  the  beam,  that  being  the 
distance  of  the  centres  of  pressure*  G-  of  the  upper  and 
lower  halves  from  the  neutral  axis.  Therefore  the  resistance 
of  the  upper  half  of  the  beam  will  be 

125  x  (6  x  3)  x  2  =  4,500  inch-lbs. 

The  resistance  of  the  lower  half  will  be 

12-5  x  (6  x  3)  x  2  =  450  inch-lbs. 

*  The  centres  of  pressure  of  the  two  halves  of  the  beam  are  at  the 
centres  of  gravity  GG  of  the  two  triangles  ABx  and  CDx,  which 
represent  graphically  the  compressive  and  tensile  stresses  respectively, 
varying  from*  the  greatest  stresses  at  the  upper  and  lower  surfaces  to 
nothing  at  the  neutral  axis. 
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The  additional  resistance  to  be  provided  by  the  wrought 
iron  is  therefore  4,500  -  450,  or  4,050  inch-lbs. 

It  is  proposed  to  introduce  the  iron  in  the  form  of  rods 
inserted  in  the  concrete  with  their  centres  1J  ins.  below 
the  neutral  axis  of  the  beam.  This  allows  them  to  be  pro- 
tected underneath  by  nearly  an  inch-and-a-half  of  concrete. 
The  quantity  of  iron  required  to  furnish  the  necessary 
4050 

resistance  is  —  -25  sa  in 

11,200  x   1-5  q' 

Three  round  rods  of  iron,  each  one-third  of  an  inch  in 
diameter,  have  an  area  somewhat  in  excess  of  this  amount, 
viz.,  -26  sq.  in.    These  rods  are  shewn  in  the  figure  at  RRR. 

So  far  theory  leads  us,  but  in  practice  it  is  considered 
safer  to  neglect  the  strength  of  the  concrete  below  the  level 
of  the  iron  rods,  and  in  many  instances  indeed  to  neglect  the 
tensile  strength  of  the  concrete  altogether.  In  the  latter 
event,  the  tensile  strength  of  the  iron  rods  would  have  to 
be  made  equal  to  the  crushing  strength  of  the  concrete  in 
the  upper  half  of  the  beam.  This  is  the  more  desirable 
because  a  severe  fire  may  greatly  lessen  the  strength  of  the 
underside  of  a  concrete  floor,  even  if  it  does  not  penetrate 
far  enough  to  injure  the  iron  embedded  therein. 

Co-operation  of  Iron  and  Concrete. — Again,  it  may 
be  urged  that  the  iron  will  be  drawn  through  the  concrete 
when  the  beam  is  loaded,  unless  the  rods  or  bars  are  pre- 
vented from  slipping.  Certainly  Mr.  Hyatt's  experiments 
in  1877  seemed  to  point  to  the  truth  of  this  contention, 
but  more  recent  experiments,  made  by  Mr.  Kirkaldy  on 
Mr.  F.  G.  Edwards's  patent  iron  and  concrete  beams,  point 
the  other  way.  These  beams,  it  may  be  said,  are  simply 
beams  of  coke-breeze  concrete  having  round  iron  rods  em- 
bedded in  the  lower  part,  similar  to  the  beam  shown  in 
fig.  10,  and  indeed  similar  in  design  to  beams  tested  sixteen 
years  ago  by  Mr.  Hyatt.  With  reference  to  Mr.  Edwards's 
beams,  The  Builder  remarks,* — "  It  seems  inherently  im- 
probable that  the  two  materials  would  act  together  in 
resisting  strains.    The  experiments  of  Tuesday  last,  how- 

*  The  Builder,  Way  2,  1891. 


204 


CONCRETE. 


ever,  proved  that  the  iron,  in  the  form  here  applied,  of  an 
association  of  thin  rods,  would  resist  a  very  considerable 
strain  and  deflection  without  drawing ;  indeed,  not  one  of 
the  experiments  showed  any  symptom  of  the  iron  drawing, 
and  in  one  case  it  actually  appeared  that  the  iron  rods  had 
been  perceptibly  attenuated  by  the  strain  without  losing 
their  hold  on  the  concrete." 

Slipping  of  Iron  Ties. — In  order  to  prevent  the  slipping 
of  the  iron  ties,  Mr.  Hyatt  tried  several  methods,  including 
(1)  riveting  the  ties  (when  these  were  round)  through  "heel- 
plates "  at  the  ends  of  the  beams,  (2)  turning  up  the  ends 
of  the  ties  when  these  were  flat,  (3)  employing  bars  laid 
flat  from  which  bolts  with  large  washers  at  the  top  pro- 
jected vertically  into  the  upper  half  of  the  beam,  and 
(4)  employing  flat  bars  laid  edgeways  and  threading  ^-in. 
rods  through  them.  The  last  method  is  the  most  effective, 
but  in  nearly  every  instance  the  bars  were  broken  at  the 
holes,  through  which  the  wires  passed,  before  the  concrete 
in  the  upper  half  of  the  beams  yielded.  This  shows  that 
the  concrete  can  be  trusted  to  take  its  share  of  the  strain 
in  a  compound  beam,  namely,  the  compression. 

Another  method,  which  is  adopted  in  an  American  system 
of  concrete  flooring  known  as  the  "  Eansome"  floor,  consists 
in  the  use  of  twisted  rods,  whicn  offer  a  better  grip  for  the 
concrete  than  either  round  rods  or  flat  bars  do. 

Mr.  Hyatt's  Tests. — Fig.  1 1  is  a  section  of  one  of  the 
beams  containing  cross-rods,  tested  by  Mr.  Hyatt,  and  it 
can  be  shown  that  the  iron  had  not  a  tenacity  equal  to  the 
compressive  resistance  of  the  concrete  in  the  upper  half  of 
the  beam.  The  beam  was  composed  of  Portland  cement 
and  crushed  bricks  (1  to  2),  and  was  2  or  3  months  old  when 
tested.  Such  concrete  should  have  a  compressive  strength 
of  at  least  2,500  lbs.  per  sq.  in.  Seven  bars  of  iron  4  in.  x 
TJg-  in.  were  embedded  in  the  bottom  half  of  the  beam,  and 
were  connected  and  kept  from  slipping  by  |-in.  rods  4  ins. 
apart.  The  resistance  of  the  upper  half  of  the  beam  would 
therefore  be — 


(12  in.  x  4  in.  x  1250  lbs.)  x  2|  in.  =  160,000  inch-lbs. 


MR.  HYATT'S  TESTS 
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of  25  tons  per  sq.  in.t  l^ollt^l^  ^ 
7  (3f  X  *  X  28>00°)  X  2f  =  122,500  inch-lbs  * 

the  iron  and  the  lower  half  ofU  resistance  <* 

seventh  less  than  X  res  liloTjT^  *  ^  0ne" 

resistance  of  the  upper  half  of  the 


n-SeCti°n  °f  C°DCrete  *"»  with  Seven  Iron  Tension-plates, 
concrete,  and  therefore  tw  1, 

yielding  of  its  tensfXlf  TS  indeed  ^  f !  by  the 
to  this  and  four  other  beam,  S  '  f  '-1S  What  haPPened 
each  case,  Mr.  Hyatt  remik    ?t°S7  '  in 

See  Table  XXIII  ,  pp  2^0-21 1  **  rivet-hoIes" 

^•Xnitb^w^ a  **•  *  of 

tance  of  2  ins.  from  th?w 1     -f        concrete  at  a  dis- 
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extending  upwards  into  the  concrete  and  having  large 
washers  at  the  top.  Two  of  the  beams  had  4  bolts,  two 
had  7,  two  10,  and  two  19,  but  the  strength  of  the  beams 
was  not  appreciably  altered  by  altering  the  number  of  the 
bolts.  In  six  out  of  the  eight  tests,  the  iron  bars  were 
broken  at  the  bolt-holes. 

These  beams  broke  with  about  one-sixth  less  load  than 
the  beams  shown  in  fig.  11,  although  the  latter  were  only 
8  in.  deep  while  the  former  were  12  in.  The  reason  is 
not  far  to  seek.  The  iron  in  the  former  had  an  effective 
sectional  area  three  or  four  times  that  in  the  latter,  but, 


<  iZ 


2i*       wi  "b^r 


Fig.  12. — Section  of  Concrete  Beam  with  Iron  Tension-bar. 

on  the  other  hand,  the  iron  in  the  larger  beam  was  placed 
in  a  better  position,  namely,  at  one-sixth  of  the  depth 
measured  from  the  soffit  upwards. 

It  may  be  interesting  to  work  out  the  strength  of  these 
two  beams  according  to  an  approximate  formula.  The 
beams  were  supported  at  the  ends  and  loaded  at  the  centre. 
The  formula  is  based  on  the  fact  that  the  moment  of 
resistance  of  a  beam  is  equal  to  the  bending  moment,  when 
the  beam  is  not  strained  beyond  the  elastic  limit.  It  is 
really  not  applicable  to  beams  loaded  to  the  breaking  point, 
but  it  is  sufficiently  accurate  for  our  present  purpose. 


CALCULATIONS  OF  STRENGTH.  20? 

resistance  oraisTJT  °  0Uf  c«tol»«»™  »«  it  The 

(for  the  iron),  7  (3J  x  TV)  X  28,000«  =  45  937 
(fet  the  concrete),  11£  x  4  X  125»  =  5,750 

T»««!    •   .   .  5U87  inch-Ibl 

The  bend.ng  of  .  ^  lmLi  Ule^e 

conation  is  «  ,„„  ,. the  ^  ^  ^  ^ 
moment  of  resistance,  we  get— 

WL-275,664,  and  W=275,664  X  A.  18,3,7  Ibs. 

The  beam  actually  broke  with  93  S8d  it,        ,  , 
weight  of  the  beam,  equivalent  1 1  '    t  J?'  and  the  dead 
would  bring  the  ac3  t?t      °entral  load  of  200  lbs., 

of  the  iron  havfnrbeen  Z  thf.  uJtlm^te  tensile  strength 
axis  ^UBtu^T^^t^r8^^  °r  t0  the  « 
greater  area  Snder  tensi!"       ^  briW  a 

the  beam  having  a  L  S  "  ^          the  lo^r  half  of 

*e  figure,  with  *£*  upS"  ffi^'  aS  sh°™  * 
Example  £        "       P  g     b°Its'  suPP°rted  and  loaded  as 

*  °-.haIfthe„Itimateresistaucefor  reasons  aJready  expiained 


208 


CONCRETE. 


Proceeding  as  before,  we  find  the  resistance  of  the  lower 
half  of  the  section  to  be — 

(for  the  iron),  2  x£x  56,000*  =  28,000 
(for  the  concrete),  12  x  6  x  125  =  9,000 

Total    .    .    •    37,000  inch-lbs. 


and  Jl^  =  37,000  xf  of  12 

4 

W  =  37,000  x  8  x  -fa  =  19,733  lbs. 

The  beams  actually  broke  with  loads  ranging  from  15,938 
to  21,592  lbs. 

It  has  been  recommended  that  the  concrete  below  the 
iron,  in  such  beams  as  the  last,  should  be  omitted  from  the 
calculations  of  strength,  and  should  be  considered  as  dead- 
weight only.  This  method  would  give  a  smaller  breaking- 
weight,  if  the  beam  were  taken  as  only  10  in.  deep  instead 
of  12  in.,  and  the  neutral  axis  were  assumed  to  pass  through 
the  centre  of  the  upper  10  in.  of  the  beam.  W  would  then 
be  found  to  be  15,777  lbs. 

Inaccuracy  and  Danger  op  Theoretical  Investiga- 
TIOns. — But  the  whole  question  of  the  strength  of  com- 
pound beams  is  fraught  with  difficulties,  and  at  the  best, 
only  an  approximate  estimate  of  their  breaking-weight  can 
be  made.  As  a  large  factor  of  safety  (certainly  not  less 
than  5  or  6)  must  be  allowed,  the  calculations  are  perhaps 
near  enough  for  practical  purposes,  but  too  much  reliance 
must  not  be  placed  upon  them. 

Some  recent  words  of  Sir  Benjamin  Baker  may  well  be 
quoted  in  this  connection.  In  a  discussion  at  the  Institution 
of  Civil  Engineers  in  November,  1892,  he  spoke  to  the 
following  effect : — "  Bearing  upon  the  general  question  of 
the  value  of  theoretical  investigations  of  strength,  in  cases 

*  In  the  preceding  example  the  iron  extended  from  the  neutral 
axis  to  the  lower  edge  of  the  beam,  and  the  stress  on  the  iron  was 
taken  at  one-half  the  ultimate  stress  ;  in  this,  the  iron  is  placed 
horizontally,  and  the  ultimate  stress  is  taken,  although  this  is  rather 
over-estimating  the  strength  of  the  beam. 
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such  as  a  flat  concrete  invert,  as  compared  with  direct 
practical  experience,  he  might  say  that  several  cases 
recently  had  made  him  a  little  nervous  as  to  whether 
the  results  of  the  high  technical  training  of  the  present 
day  with  many  young  engineers  did  not  lead  to  a 
dangerous  confidence  in  theoretical  deductions  and  the 
use  of  formulas.  No  one  could  charge  him  with  con- 
tempt of  theory;  but  cases  had  been  brought  under  his 
notice  rather  frequently  of  late  showing  too  great  con- 
fidence on  the  part  of  young  engineers  in  theoretical 
deductions,  in  preference  to  going  to  the  same  extent 
as  their  predecessors  had  been  in  the  habit  of  doing  to 
previous  examples,  in  order  to  see  what  was  the  right 
proportion  to  adopt  in  a  particular  work."  * 

Tests  for  Mr.  Hyatt  and  Mr.  Edwards.  —  The  following 
table  gives  the  results  of  the  tests  carried  out  by  Mr.  Kirk- 
aldy,  in  1877,  for  Mr.  Thaddeus  Hyatt,  and  in  1891,  for 
Mr.  F.  G.  Edwards,  the  former  being  numbered  1  to  11 
and  the  latter  12  to  16.  The  figures  for  Mr.  Hyatt's  beams 
are  taken  from  his  book,  "  Experiments  with  Portland- 
Cement-Concrete  combined  ivith  Iron,"  and  those  for 
Mr.  Edwards's  beams  from  an  article  in  The  Builder  for 
May  2,  1891.  In  the  column  headed  "Katio  of  Iron  to 
Concrete,"  the  calculation  is  based  on  the  effective  sectional 
area  of  the  iron,  and  the  area  of  the  concrete  exclusive  of 
that  portion  which  lies  below  the  underside  of  the  iron ; 
thus,  in  Nos.  8  to  11,  the  wrought-iron  bar  in  each 
measures  1\  in.  X  \  in.,  but  as  half-inch  holes  are  bored 
through  it  to  receive  the  upright  bolts,  the  effective 
sectional  area  of  the  bar  is  only  2  in.  x  \  in.,  that  is  to  say, 
*5  sq.  in. ;  in  the  same  beams,  the  extreme  depth  of  the 
concrete  is  12  in.,  but  as  2  in.  of  this  lie  below  the  iron  bar, 
this  portion  is  omitted  from  the  calculations,  the  sectional 
area  being  taken  therefore  as  12  in.  X  10  in.,  that  is  to  say, 
120  sq.  in. 

Deduction's. — Several  instructive  lessons  may  be  learnt 
from  these  experiments. 

*  Proceedings  of  the  Inst.  C.  E.,  vol  cxi.  (1892  3,  part  i.) 
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Fig.  13.— Sections  of  Compound  Beams  of  Concrete  and  Iron, 
mentioned  in  Table  XXIII. 


Notes  on  Table  XXIII. 

(a)  For  the  sections  of  the  various  beams  showing  tne  arrangement 
of  the  iron  bars,  rods,  &c,  see  the  illustrations  in  Figure  13,  which  are 
numbered  to  correspond  with  the  numbers  in  the  table. 

(&)  See  note  *  to  Table  XXII.,  p.  191. 

2  BD^ 

(c)  For  use  in  the  formula  W  =  -g  C  -j^ — 

(d)  The  concrete  below  the  iron  rods  is  omitted  from  the  calcula- 
tions of  strength,  the  depth  of  the  beam  being  reckoned  7  in.  ;  if  the 
depth  of  the  beam  were  taken  as  8  in.,  the  constant  would  appear 
9-92  instead  of  12*95. 

(e)  The  eighteen  J  in.  cross-rods  are  to  the  longitudinal  section  of 
the  concrete  as  1  is  to  640. 

(/)  The  concrete  below  the  iron  bar  is  omitted  from  the  calcula- 
tions of  strength,  the  depth  of  the  beam  being  reckoned  10  in. 

(<7)  The  concrete  below  the  iron  rods  is  omitted  as  before,  the 
depth  of  the  beam  being  reckoned  6*5  in. 

(K)  The  concrete  below  the  iron  rods  is  omitted  as  before,  the 
depth  of  the  beam  being  reckoned  4*6  in. 
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1.  Compare  the  strength  of  the  simple  brick-concrete 
beam  No.  1  with  the  strength  of  similar  concrete  beams 
Nos.  2  to  11  in  which  wrought  iron  ties  had  been  imbedded; 
also  compare  the  strength  of  the  simple  beam  of  coke- 
breeze  concrete,  No.  15,  with  the  three  preceding  beams, 
Nos.  1 2  to  1 4,  containing  wrought  iron  rods.  The  immense 
gain  of  strength  accruing  from  the  use  of  such  a  small 
quantity  of  iron  is  surprising.  It  must,  however,  be  said 
that  the  ironless  beam,  No.  1,  was  weaker  than  might  have 
been  expected  (see  Table  XXII.,  pp.  190 — 1). 

2.  Notice  that,  with  two  exceptions,  the  thirteen  beams 
included  in  Nos.  3  to  1 1  yielded  by  the  breaking  of  the 
iron  bars  ;  in  only  two  instances  did  the  beams  yield  by 
the  crushing  of  the  concrete.  This  shows  that  sufficient 
iron  had  not  been  used,  or  had  not  been  used  in  the  proper 
position. 

3.  Beam  No.  3  contained  more  iron  in  proportion  than 
any  other  of  Mr.  Hyatt's  beams,  but  it  had  not  the  greatest 
strength.  The  reason  is  that  the  iron  was  not  placed  in 
the  most  advantageous  position,  one-third  of  it  extending 
above  the  middle  of  the  beam,  and  therefore  adding  little 
or  nothing  to  the  tensile  strength.  Beam  No.  5,  which 
contained  one-third  less  iron,  was  only  5  per  cent,  weaker. 
This  shows  that  iron  above  the  medial  line  of  a  beam  is  of 
little  use,  unless  an  increase,  commensurate  in  strength,  is 
made  in  the  iron  in  the  lower  half. 

4.  As  might  have  been  predicated,  the  most  advantageous 
position  for  the  iron  tension  rods  is  shown  by  experiments 
12  to  14,  to  be  near  the  bottom  of  the  beam.  The  eight 
beams  Nos.  8  to  11  contained  much  too  little  iron,  and 
therefore  give  rather  low  constants,  although  the  iron  was 
placed  in  a  good  position ;  there  would  be  less  danger  of 
the  protecting  layer  of  concrete  underneath  peeling  off,  if 
the  iron  bars  were  placed  on  edge  instead  of  flat. 

5.  With  good  coke-breeze  concrete,  the  ratio  of  iron 
tie-rods  to  the  concrete  should  apparently  be  not  less  than 
1  in  40,  when  the  rods  are  in  a  proper  position.  This  may 
be  assumed  from  the  facts  that  beam  No.  14,  containing 
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^T  part  of  iron,  cracked  at  the  bottom  and  crushed  at  the 
top  simultaneously,  and  that  beam  No.  12,  containing 
-^3-  part  of  iron,  crushed  at  the  top,  but  did  not  fail  at  the 
bottom.  As,  however,  these  beams  were  tested  when  the 
concrete  was  only  seven  days  old,  and  therefore  less  than 
one-half  its  ultimate  strength,  we  may  consider  that  wrought 
iron  ties,  properly  placed  in  concrete  beams,  should  have  a 
sectional  area  about  one-twentieth  of  that  of  the  concrete, 
neglecting  that  part  of  the  concrete  which  lies  below  the 
iron.  The  proportion  will,  however,  differ,  not  only  accord- 
ing to  the  position  of  the  iron,  but  also  according  to  the 
crushing  strength  of  the  concrete  (see  Table  XVI.,  p.  127 ; 
Table  XXL,  p.  183,  &c). 

6.  The  result  of  the  test  on  beam  No.  2,  in  which  five 
f -in.  round  wrought  iron  rods  were  used,  and  the  results  of 
other  tests  made  for  Mr.  Hyatt,  but  not  given  in  the  table, 
show  that  there  is  a  danger  of  iron  ties  being  drawn 
through  the  concrete,  unless  they  are  held  by  being  secured 
through  plates  at  the  ends,  or  in  some  other  way.  None 
of  the  beams,  however,  tested  for  Mr.  Edwards,  yielded  in 
this  manner,  although  the  rods  were  held  simply  by  the 
adhesion  of  the  concrete.  It  is  said  that  cement  adheres 
more  firmly  to  iron  when  this  is  left  with  its  natural 
surface,  and  not  treated  by  any  anti-rust  process  ;  and  if 
this  be  so,  iron  rods  embedded  in  concrete  should  not  be 
coated  in  any  way.  As  they  are  surrounded  entirely  with 
the  concrete,  there  will  be  no  danger  of  future  rusting, 
unless  the  concrete  is  of  a  porous  character. 

7.  Test  No.  16  was  carried  out  on  a  "fir  joist  of  excep- 
tionally good  timber."  This  had  a  strength  nearly  double 
that  of  the  best  concrete  and  iron  beams,  but  as  the  latter 
were  only  seven  days  old,  and  the  former  was  an  "  excep- 
tionally good  "  specimen,  the  disparity  in  their  strength  need 
not  lead  to  a  wholesale  condemnation  of  the  concrete  and 
iron.  On  the  contrary r,  it  shows  conclusively  that  solid  floors 
of  concrete,  with  iron  in  the  lower  part  only,  can  be  con- 
structed which  will  be  stronger  than  an  ordinary  joisted  floor 
of  the  same  thickness,    For  each  wooden  joist  has  to  carry 
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a  floor-surface  three  or  four  times  its  own  width,  whereas 
the  concrete  floor  is  solid  and  may  therefore  be,  per  unit, 
one-third  or  one-fourth  the  strength  of  a  corresponding 
width  of  joist.  In  addition  to  this,  the  concrete  floor  may 
have  the  advantage  of  being  fixed  along  all  its  sides  instead 
of  only  along  two,  as  is  the  case  with  joisted  floors ;  and 
this  is  no  mean  advantage,  for  a  square  slab  is  100  per  cent, 
stronger  when  all  its  edges  are  fixed,  than  when  only  two 
opposite  edges  are  fixed. 

Kecbnt  Examples. — More  recently  wrought  iron  and 
steel  have  been  used  in  concrete  in  a  variety  of  ways,  such 
as  the  twisted  rods  of  the  Ransome  system,  and  the  steel 
network  of  the  Expanded  Metal  Company's  system.  The 
general  term  " Armoured  concrete"  is  now  applied  to  these 
and  other  methods  of  construction  in  which  concrete  and 
iron  are  used  in  combination.  Armoured  concrete  of 
various  kinds  is  now  used  for  beams  in  floors,  roofs,  &c.  but 
it  will  be  more  convenient  to  give  a  general  account  of  this 
important  subject  in  a  separate  chapter  (chapter  XXVI). 
In  passing  it  may  be  said  that  in  nearly  all  these  systems 
the  concrete  itself  is  richer  in  cement  and  contains  a  finer 
aggregate  than  is  customary  in  ordinary  work. 
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FOUNDATIONS. 

London  C.  C.  regulations,  and  observations  thereon-Thickness  of 
ordinary  concrete  foundations  -  Bearing  power  of  grounds- 
Nature  of  stress-Calculation  of  thickness,  &c„  of  foundations 
of  concrete  and  brick— Foundation  entirely  of  concrete— Con- 
crete and  stone-Concrete  and  steel— Concrete  and  piles  — 
Foundation-layer-Arches  in  foundations-Piers  and  arches- 
Ingredients  in  lime  concrete  (Table  XXIV.)-Caissons-Sprmgs 
of  water— Grouting— Machine-beds,  &c.— Concrete  in  water. 

Except  in  those  districts  where  there  is  an  abundant 
supply  of  rag-stone  footings,  concrete  is  universally  used  in 
England  for  foundations,  perhaps  alone,  or  in  conjunction 
with  piles,  steel  rails,  &c. 

London  County  Council  Regulations.— The  regulations 
of  the  London  County  Council  respecting  foundations  are  as 
follows: — 

"  The  foundations  of  the  walls  of  every  house  or  building 
shall  be  formed  of  a  bed  of  good  concrete,  not  less  than 
nine  inches  thick,  and  projecting  at  least  four  inches  on 
each  side  of  the  lowest  course  of  footings  of  such  walls. 
If  the  site  be  upon  a  natural  bed  of  gravel,  concrete  may 
be  omitted  from  the  foundations  of  the  walls,  with  the 
approval  of  the  District  Surveyor. 

"  The  concrete  must  be  composed  of  clean  gravel,  broken 
hard  brick,  properly  burnt  ballast,  or  other  hard  material 
to  be  approved  by  the  District  Surveyor,  well  mixed  with 
freshly-burned  lime  or  cement  in  the  proportions  of  one  of 
lime  to  six,  and  one  of  cement  to  eight  of  the  other 
material." 

These  regulations  are  open  to  several  grave  objections. 
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In  the  first  place,  it  is  matter  for  surprise  that,  while  the 
thickness  of  walls  is  carefully  defined  according  to  their 
height,  length,  &c.,  the  thickness  of  the  foundations,  on 
which  the  stability  of  the  walls  primarily  depends,  is  not 
prescribed  more  particularly  than  "  not  less  than  9  in. 
thick." 

Then,  again,  why  should  it  be  necessary  to  use  brick 
footings  at  all,  when  we  know  that  Portland-cement  con- 
crete (1  to  8)  is  nearly  four  times  as  strong  as  brickwork 
set  in  cement  mortar  (1  to  1)?*  The  thickness  of  the 
concrete  might  be  increased,  and  the  wall  built  upon  it 
without  any  brick  footings ;  a  saving  in  the  total  thickness 
of  the  foundations  might  thus  be  effected  without  loss  of 
strength. 

Nothing  is  said  as  to  whether  the  sand  and  coarse 
material  are  to  be  measured  separately  or  not,  and  this,  as 
we  have  shown,  is  a  matter  greatly  affecting  the  strength  of 
concrete.    The  quality  of  the  cement  is  not  even  mentioned. 

And  lastly,  concrete  may  be  of  nearly  any  kind  of  lime, 
however  feebly  hydraulic,  in  the  proportion  of  1  lime  to  6 
aggregate ;  while,  if  the  very  best  Portland  cement  be  used, 
no  more  than  eight  parts  of  aggregate  can  be  mixed  with 
it,  and  yet  the  latter  might  be  eight  or  ten  times  the 
strength  of  the  former.  Surely  the  framers  of  these  regu- 
lations could  not  have  known  the  results  of  Mr.  Grant's 
experiments  on  the  strength  of  various  kinds  of  concrete.t 

The  first  and  chief  objection  to  these  regulations  is  one 
which  has  not  escaped  the  notice  of  architects.  In  Novem- 
ber, 1891,  "  Suggestions  %  for  a  draft  bill  for  the  codifica- 
tion and  amendment  of  the  metropolitan  building  acts" 
were  adopted  by  the  Council  of  the  Royal  Institute  of 
British  Architects,  and  one  of  the  suggestions  refers  to  this 
matter.  In  the  section  (XVII.)  on  "Foundations  and  Sites 
of  Buildings,"  the  following  paragraph  occurs  : — 

"  The  foundations  of  the  walls  of  every  house  or  building 

*  John  Grant. 

+  See  Table  XXI.  p.  183,  et  scq. 

%  Transactions  R.  J.  B.  A.,  vol.  viii.,  New  Series  (1892). 
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shall  be  formed  of  a  bed  of  good  concrete,  or  other  material 
approved  by  the  Council,  of  the  thickness  shown  in  the 
Schedule  No.  attached  to  this  Act,  arranged  according 
to  the  heights  of  the  walls  of  (a)  domestic  buildings,  and 
(b)  warehouses,  and  projecting  at  least  four  inches  on  each 
side  of  the  lowest  course  of  the  footings  of  such  walls.  If  the 
site  be  upon  a  natural  bed  of  solid  gravel  or  chalk  of  not 
less  than  three  feet  in  thickness,  concrete  may  be  omitted 
from  the  foundations  of  the  walls  with  the  approval  of  the 
District  Surveyor."  * 

Thickness  of  ordinary  Concrete  Foundations. — The 
schedule  referred  to  in  the  foregoing  paragraph  does  not 
appear  in  the  suggestions,  for  the  simple  reason  apparently 
that  it  has  not  been  prepared.  Its  preparation,  indeed, 
would  involve  considerable  labour,  as  different  kinds  of 
ground  would  require  different  thicknesses  and  widths  of 
concrete  according  to  their  bearing  power,  and  in  many 
cases,  concrete  might  even  be  omitted  altogether. 

The  minimum  thickness  of  concrete  required  by  the 
London  County  Council  is,  as  we  have  said,  9  in.,-  but 
it  is  seldom  that,  in  good  work  on  ordinary  ground,  so 
small  a  thickness  is  used  except  for  the  thinnest  internal 
walls.  The  foundations  for  external  walls  are  seldom 
thinner  than  the  walls  they  carry,  and,  as  a  rule,  range 
from  this  up  to  about  twice  the  thickness  of  the  walls. 
The  concrete  under  some  of  the  walls  of  Street's  Law 
Courts  was  7  ft.  thick,  and  that  under  the  walls  of  the 
Great  Hall  was  10  ft.  thick. 

The  thickness  of  concrete  foundations  is  a  subject  which 
has  received  little  attention  from  writers.  It  is  undoubtedly 
fraught  with  difficulties,  as  in  every  case  there  are  "un- 
known quantities,"  which  give  an  element  of  uncertainty  to 
the  calculations.  For  this  reason  it  is,  perhaps,  that  archi- 
tects are  usually  content  to  guess  at  the  thickness  required. 

Bearing  Power  or  Grounds. — The  first  "unknown 
quantity  "  with  which  we  have  to  deal,  is  the  bearing  power 

*  The  words  in  italics  have  been  retained  from  the  existing 
regulations.  0 
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of  the  ground  itself.  This,  of  course,  may  vary  from  nearly 
zero  for  bog  to  several  hundred  tons  per  square  foot  for 
solid  granite.  In  founding  on  bogs  or  very  soft  ground, 
piles  or  caissons  of  concrete  or  some  other  contrivance  must 
be  adopted.  But  on  ordinary  ground  concrete  itself  is 
sufficient. 

The  safe  bearing  power  of  various  kinds  of  ground  is, 
roughly,  as  follows,  in  cwts.  per  square  foot : — Alluvial  soil 
or  quicksand,  10  to  15  ;  soft  clay  (near  surface),  10  to  15; 
moist  clay,  20  to  30  ;  compact  clay,  nearly  dry,  40  to  50  ; 
dry  compact  clay  of  considerable  thickness,  60  to  100  ; 
loose  sand,  20  to  30  ;  compact  sand,  40  to  60 ;  ditto, 
prevented  from  spreading,  100  to  150  ;  gravel  and  sand, 
40  to  60 ;  ditto,  compact,  dry,  and  prevented  from  spread- 
ing, 80  to  120.  The  bearing  power  of  most  solid  rocks  is 
far  in  excess  of  any  weight  which  in  ordinary  buildings  can 
be  put  upon  them,  but  great  care  must  be  exercised  on 
rocky  sites  in  bridging  over  soft  dykes  or  fissures  with 
concrete,  as  otherwise  unequal  settling  must  occur.  But 
of  this,  more  anon. 

Nature  of  Stress. — It  is  often  thought  that  the  stress 
which  is  put  upon  foundations  is  simply  a  compressive  one, 
but  this  is  not  the  case.  There  is  more  or  less  of  a  trans- 
verse stress,  caused  by  the  weight  of  the  wall  acting  upon 
the  central  portion  of  the  foundation  and  tending  to  crack 
it  longitudinally.  To  minimise  this  stress,  the  lower  por- 
tion of  the  wall  is  spread  out  gradually  almost  to  the 
breadth  of  the  foundation  proper. 

But  the  amount  of  the  transverse  stress  varies  according 
to  the  supporting  power  of  the  ground  and  the  width  of 
the  foundation  (the  latter,  however,  being  modified  by  the 
spread  of  the  lower  part  of  the  wall).  If  the  concrete  be 
laid  on  solid  rock,  there  is  no  transverse  stress ;  in  such  a 
position,  concrete  is  not  needed,  for  the  chief  office  of  con- 
crete is  to  distribute  the  weight  of  the  wall  over  such  an 
area  of  ground  that  little  or  no  settlement  may  occur. 
The  firmer  the  ground  the  less  may  the  width  and  thick- 
ness of  the  concrete  be. 
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Calculation  of  Thickness,  &c. — Figure  14  shows  the 
foundations  of  an  18-in.  wall  with  the  brick  footings  and 
concrete  of  the  widths  required  by  the  London  County 
Council  regulations.  The  method  of  calculating  the  thick- 
ness of  the  concrete  is  as  follows.  In  the  first  place, 
ascertain  the  total  weight  of  the  wall,  floors,  and  roof  acting 
upon  the  foundation.  Due  allowance  should  be  made  for 
the  moment  of  the  wind-pressure,  when  the  building  is  in 
an  exposed  situation;  in  ordinary  situations,  the  wind 
pressure  may  be  omitted  from  the  calculations,  and  a 
somewhat  larger  factor  of  safety  adopted. 


»  n 


Fig.  14.— Ordinary  Foundations  of  Concrete  and  Brick. 

In  the  case  before  us,  the  total  downward  pressure  upon 
the  foundations  is  assumed  to  be  132  cwt.  per  lineal  foot. 

The  second  point  to  be  ascertained  is  the  nature  of  the 
ground.  Suppose  that  in  this  case  it  is  somewhat  moist 
clay  with  a  safe  bearing  power  of  about  36  cwt.  per  square 
foot. 

Divide  the  total  downward  pressure  upon  the  foundation, 
namely,  132  cwt.  per  lineal  foot,  by  the  safe  bearing-power 
of  the  ground,  namely,  36  cwt.  per  square  foot,  and  the 
quotient  will  be  the  width  of  the  concrete— 3  ft.  8  in.,  as 
shown  in  the  figure. 
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The  second  "  unknown  quantity  "  now  thrusts  itself  upon 
our  notice  :  to  what  extent  is  the  weight  of  the  wall  dis- 
tributed by  the  brick  footings  %  Probably  the  outermost 
half-brick  at  each  side  bears  little  or  none  of  the  weight, 
but  so  much  depends  on  the  bricks,  the  bond,  and  the 
mortar,  that  no  definite  rule  can  be  laid  down.  Assuming 
such,  however,  to  be  true  in  this  case,  we  have  the  weight 
of  the  wall,  &c,  distributed  over  the  central  27  in.  of  the 
concrete,  as  shown  at  A  B. 

As  action  is  equal  and  opposite  to  reaction,  the  upward 
thrust  of  the  ground,  shown  by  the  arrows  under  the  con- 
crete, is  as  the  weight  upon  it — namely,  36  cwt.  per  square 
foot.  The  concrete  between  A  and  B  will  be  subject  to 
simple  compressive  stress,  but  the  parts  A  C  and  B  D 
are  inverted  cantilevers,  uniformly  loaded,  and  fixed  at 
A  and  B  respectively.  Perhaps  the  calculations  will  be 
more  easily  followed  if  the  figure  be  turned  upside  down. 
Formula  VII.  in  the  preceding  chapter  gives  the  breaking 

1    B  D2 

weight  of  uniformly-loaded  cantilevers  :  —  W  =  ^  C  -j—. 

3  W  L 

Transposing  this,  we  get: — Dz  =  . 

8-5 

In  this  example,  L  =  8*5  in.,  B  =  12  in.,  W  =  x 

36  =  25*5  cwt.,  and  C  =  1*5  for  concrete  composed  of 
1  Portland  cement,  2  sand,  and  6  broken  stone.* 

Substituting  these  values  for  the  letters  on  the  right- 
hand  side  of  the  equation  Ave  get — 

From  this  we  might  proceed  to  say  that  D  =  6*01  in. 
As,  however,  no  factor  of  safety  has  yet  been  allowed,  this 
thickness  of  concrete  would  not  suffice ;  in  fact,  this  is  the 
thickness  at  which  fracture  would  just  occur.  It  will  not 
be  wise  to  allow  a  smaller  factor  cjf  safety  than  6,  and  in 

*  No.  18,  Table  XXII.  page  190. 
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many  cases  it  will  be  better  to  use  7  or  8.  If,  however, 
we  multiply  the  depth  obtained  in  the  equation  above, 
namely,  6*01  in.,  by  the  factor  of  safety,  we  obtain  a  result 
far  in  excess  of  what  is  required,  for  the  strength  of  beams 
increases  as  the  square  of  the  depth.  A  beam  24  in.  deep 
is  4  times  as  strong  as  one  1 2  in.  deep,  and  1 6  times  as 
strong  as  one  6  in.  deep.  Therefore,  the  thickness  found 
by  the  equation  should  be  multiplied  only  by  the  square 
root  of  the  factor  of  safety.  Or,  the  value  of  D2  may  be 
multiplied  by  the  factor  of  safety,  and  the  square  root  of 
the  product  may  then  be  found.  This  will  usually  be  the 
simpler  method  to  adopt. 

Reverting  to  the  example,  we  have — 

D2  =  36-13. 


Fig.  15. — Foundation  wholly  of  Concrete. 


Allowing  a  factor  of  safety  of  8  we  get — 

D2  =  36*13  x  8  =  289-04  in. 
D  =     x/289-04  =  17  in. 

This  is  the  thickness  shown  in  the  figure. 

Foundations  entirely  of  Concrete. — Figure  15  shows 
two  methods  of  forming  the  foundations  of  the  foregoing 
wall  entirely  of  concrete,  the  brick  footings  being  omitted. 
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In  this  case,  the  length  of  each  cantilever  is  13  in.,  and 
13 

W  =  —  x  36  =  39  cwt.    Proceeding  as  before — ■ 

^9     3  x  39  x  13  _ 
D2=     1-5x12  =84^ 

Multiply  by  the  factor  of  safety,  8,  as  before. 

D2  =  84-5  x  8  =  676, 
and  D  =  26  in. 

This  is  the  thickness  shown  in  the  figure.  It  is  6  in. 
less  than  the  thickness  of  the  combined  brick  and  concrete 
foundations  shown  in  Fig.  14. 

Instead  of  multiplying  by  the  factor  of  safety  as  above, 
the  constant  may  be  divided  by  the  factor  of  safety,  and  if 
the  quotient  be  used  in  the  formula,  the  result  of  the  calcu- 
lations will  be  the  safe  thickness  or  strength  as  the  case 
may  be. 

The  sides  of  the  concrete  could  be  sloped  or  stepped,  as 
in  Fig.  15,  without  in  any  way  detracting  from  its  strength. 
The  slope,  however,  would  be  more  easily  formed,  and  would 
probably  give  the  best  results  as  sharp  angles  are  a  source 
of  weakness.  The  slopes  and  set-offs  would  have  to  be 
formed  with  boards  roughly  fixed  in  position,  and  removed 
when  the  concrete  had  set. 

Certainly  the  foundation  entirely  of  concrete  would  be 
more  economical  than  that  of  concrete  and  brick,  strength 
for  strength.  The  London  County  Council  regulations, 
however,  insist  on  the  brick  footings,  although  in  many 
cases,  owing  to  bad  bond,  soft  bricks,  and  mud-like  mortar, 
the  brick  footings  are  of  extremely  doubtful  service. 

Concrete  and  Stone. — Where  strong  ragstone  slabs  can 
be  economically  obtained,  one  or  two  courses  are  frequently 
laid  on  the  concrete  instead  of  brick  footings.  They  have 
the  advantage  over  brickwork,  of  distributing  the  weight 
more  surely,  and  in  calculating  the  thickness  of  the  con- 
crete the  length  of  the  cantilever  may  be  taken  to  be  the 
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projection  of  the  concrete  with  an  inch  or  two  added  to 
allow  for  the  irregular  edges  of  the  slabs. 

In  America,  where  buildings  of  extravagant  height  are 
often  erected,  great  attention  is  of  necessity  bestowed  upon 
the  foundations.  In  the  case  of  the  offices  of  the  Ntw  York 
Tribune,  a  building  measuring  150  ft.  high  from  the  foot- 
path to  the  eaves,  the  substructure  consisted  of  a  bed  of 
concrete  the  top  of  which  was  25  ft.  below  the  footpath. 
The  concrete  rested  on  a  good  bed  of  firm  red  beach  sand, 
and  was  composed  of  1  part  Portland  cement,  3  parts  sand, 
4  parts  clean  white  gravel,  and  5  parts  broken  stone,  mixed 
wet  and  well  rammed  in  6-in.  layers  to  a  total  thickness  of 
18  in.  This  mixture  (1  to  12)  was  found  strong  enough, 
but  it  must  be  confessed  that  little  or  no  transverse  stress 
was  applied  to  it,  for  immediately  over  it  was  laid  a  course 
of  immense  granite  slabs  9  ft.  wide  and  1 6  in.  thick,  and  on 
this  the  foundation-walls,  6  ft.  8  in.  thick,  were  built  of  fire- 
brick laid  in  Portland  cement,  with  granite  bond-stones 
10  in.  in  thickness  at  intervals  of  3  ft.  up  to  the  level  of 
the  basement  floor. 

Concrete  and  Steel. — In  Chicago  the  practice  of  bedding 
steel  rails  in  concrete  for  foundations  has  been  frequently 
adopted.  It  appears  from  Mr.  A.  Arthur  Cox's  report* 
that  in  that  city  "  the  subsoil  is  composed  of  a  black  loamy 
clay,  which,  on  the  surface,  is  tolerably  firm,  but  a  few  feet 
below,  and  in  some  parts  to  a  depth  of  12  ft.  to  15  ft.,  is 
quite  unfavourable  to  building  operations."  Where  cellars 
are  required  the  footings  must  be  as  shallow  as  possible,  so 
as  not  to  get  into  or  near  the  soft  substratum.  Fig.  16 
shows  the  foundation  of  one-half  of  a  pier  in  the  Rookery 
Office  Building,  Chicago.  This  building  is  eleven  stories 
high,  each  story  measuring  about  12  ft.  A  layer  of  con- 
crete 1 8  in.  thick  is  first  deposited,  and  on  it  are  laid  four 
courses  of  steel  rails  4  J  in.  deep,  the  first  transversely  and 
the  next  longitudinally,  and  so  on ;  these  are  "  spaced 
evenly  at  small  intervals,"  the  spaces  being  thoroughly 

*  See  "  A  Tour  in  the  United  States,"  by  A.  Arthur  Cox,  holder  of 
the  Godwin  Bursary,  Transactions  of  the  E.  I.  B.  1891. 
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filled  with  cement  concrete.  On  the  top  of  the  rails  is  laid 
a  course  of  hard  stone  6  in.  thick ;  above  this  the  pier  is 
built  of  brick.  The  total  thickness  of  the  foundations  is 
only  3  ft.  6  in.,  while  the  thickness  up  to  the  top  of  the 
uppermost  set-off  is  only  2  ft.  7^  in. 

As  the  steel  is  entirely  surrounded  with  good  concrete, 
there  is  no  reason  to  fear  that  it  will  gradually  corrode. 
The  ends  of  the  rails,  shown  in  the  figure,  might,  however, 
be  advantageously  protected  by  covering  them  with  con- 
crete, the  upper  surface  of  which  might  be  made  to  slope 
from  the  upper  edge  of  the  concrete  layer  to  the  top  of  the 
whole  foundations.    For  the  Ransome  system  see  page  236. 


o     \     %    z>    >v    s  Feet 
Fig.  16. — Foundation  of  Concrete  and  Steel  Rails. 


Steel  in  foundations  has  also  been  used  in  England.  A 
recent  example  is  the  "  Eiffel "  tower  now  being  erected  at 
Blackpool  from  the  designs  of  Messrs.  Maxwell  &  Tuke. 
The  four  great  legs  of  the  tower  rest  on  concrete  blocks, 
each  3  4  ft.  square  and  1 2  ft.  thick,  in  which  1 2  in.  X  6  in. 
steel  girders  are  embedded. 

In  Chicago,  it  may  be  added,  there  seems  to  have  been 
recently  a  revulsion  of  feeling  in  favour  of  timber  piles, 
driven  right  through  the  soft  bed  into  the  hard  stratum 
below. 

Concrete  and  Piles. — Timber  piles  are  often  used  for 
foundations  in  soft  ground,  where  it  is  not  considered 
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desirable  or  possible  to  excavate  the  ground  to  a  solid 
substratum.  They  are  usually  of  ordinary  red  deal  (pre- 
ferably of  whole  timber),  creosoted  and  shod  with  cast  or 
wrought  iron  shoes.  Other  kinds  of  wood,  such  as  pitch- 
pine,  oak,  elm,  &c,  are  sometimes  employed.  Piles  are 
used  of  various-sized  timber  according  to  the  work  they 
have  to  perform — the  weight  to  be  borne,  the  length  of  the 
pile,  and  the  nature  of  the  ground.  They  are  seldom  less 
than  6  in.  in  diameter  (or  6  in.  square),  or  more  than  14  in. 
square.  The  driving  of  the  piles  is  usually  effected  by 
means  of  a  "  pile-engine, "  which  consists  of  a  tall  frame- 
work with  upright  guides,  between  which  a  weight  (techni- 
cally, a  "monkey")  is  hoisted  and  falls,,  when  released 
by  a  trigger,  upon  the  head  of  the  pile  beneath.  The 
weight  of  the  monkey  is  important,  as  a  very  light  one  may 
not  drive  the  pile  deep  enough,  or,  if  a  great  fall  be  allowed 
in  driving,  may  split  the  pile.  The  weight  may  vary  from 
about  2  or  3  cwt.  for  6  in.  piles  to  about  15  cwt.  for  12  in. 
piles. 

The  supporting  power  of  piles  is  difficult  to  calculate  with 
any  degree  of  accuracy.  The  subject  is  foreign  to  our  pur- 
pose, but  the  well-known  simple  formula  of  Major  Sanders 
may  be  given  : — 

WH 

Safe  load  m  cwt.  =  —  , 

8D 

where  W  =  weight  of  monkey  in  cwt., 

H  =  height  of  fall  of  monkey  in  inches, 
D  =  distance  driven  by  last  blow,  in  inches. 

Thus,  a  pile,  which  sinks  \  in.  under  a  weight  of  9  cwt. 
falling  60  in.,  may  be  expected  to  bear  a  safe  load  of 


course  is  a 


(I  X  60  =A  270  cwt  or  131  tons.    This  of 
\8  X  *25    /  A 

rough-and-ready  formula,  but  it  is  applicable  for  ordinary 

work,  where  the  pile  is  supported  throughout  its  length. 

Mr.  D.  K.  Clark  considers  that  a  12  in.  square  pile,  20  ft. 

in  the  ground  and  supported  throughout  that  length  so  as 
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to  be  prevented  from  bending,  will  bear  9  tons  in  ooze  or 
muddy  sand,  12  tons  in  moderately  compact  clay,  25  tons 
in  hard  clay,  and  80  tons  if  it  reaches  hard  gravel. 

At  one  time,  before  concrete  had  come  much  into  use,  it 
was  the  custom  to  bind  the  heads  of  the  piles  together  by 
means  of  longitudinal  and  transverse  balks  of  timber,  and 


Fig.  17. — Foundation  of  Concrete  and  Piles. 


to  lay  upon  these  large  slabs  of  stone.  Such  complicated 
arrangements  of  balks  are  less  frequently  used  now-a-days. 
In  ordinary  cases,  where  the  piles  are  closely  set,  it  is 
sufficient  to  cut  off  their  heads  to  an  uniform  level,  and 
after  excavating  the  ground  between  them  to  a  depth  of 
one  foot  or  more  (according  to  the  size  of  the  piles,  &c), 
to  fill  the  trench  around  and  above  the  piles  with  concrete 
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veil  rammed.  This  is  illustrated  in  Fig.  17,  where  two 
rows  of  7-inch  piles  are  shown  under  an  ordinary  concrete 
and  brick  foundation.  For  heavy  walls,  however,  and 
where  the  piles  are  not  closely  set,  the  heads  of  the  piles 
must  be  united  by  strong  timbers. 

Cast  or  wrought  iron  piles  are  frequently  used  in 
engineering  works,  but  not  often  by  architects. 

Concrete  Foundation-Layer. — Sometimes  the  whole  site 
of  a  building  is  covered  with  concrete.  The  least  allowable 
thickness  is  9  in.,  if  the  brick  footings  of  the  walls  are  to  be 
built  directly  upon  the  concrete;  but  a  thickness  of  12  in. 
is  more  usual,  even  for  the  smallest  buildings,  mid  a  thick- 


Fig.  18.— -Concrete  Arch  over  Soft  Dyke. 


ness  of  18  in.  and  upwards  is  adopted  for  larger  structures, 
according  to  the  weight  of  the  building  and  nature  of  the 
ground. 

Frequently,  however,  an  additional  thickness  of  concrete 
is  put  under  the  walls.  When  the  concrete  under  the  walls 
is  kept  quite  independent  of  the  concrete  layer  which  is 
spread  over  the  site,  the  layer  is  usually  only  6  in. 
thick,  and  the  top  of  it  is  finished  level  with  the  top 
of  the  concrete  foundation,  or  with  the  top  of  the  brick 
footings,  if  the  appearance  of  these  in  the  basement  would 
be  objectionable.  Such  a  layer  is  really  not  part  of  the 
foundation. 

Arches. — The  application  of  concrete  to  foundations  is 
not,  however,  confined  to  simple  slabs.    In  rocky  ground, 
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concrete  may  be  used  in  the  form  of  an  arch  or  lintel  to 
span  a  soft  dyke,  abutting  at  each  end  on  the  solid  rock, 
which  may  be  splayed  or  benched  to  receive  it,  as  in 
Fig.  18.  The  thickness  of  the  concrete  must  be  regulated 
by  the  weight  the  arch  has  to  carry.  The  earth  under  the 
concrete  can  be  brought  to  an  arched  form  and  rammed,  so 
that  no  boards  or  centres  will  be  required. 

Inverted  arches  between  piers  may  be  very  conveniently 
and  economically  formed  in  concrete  instead  of  brickwork. 

Piers  and  Arches. — Where  the  site  of  a  building  con- 
sists of  a  considerable  depth  of  "made"  ground,  or  is 
naturally  soft  but  with  an  underlying  firm  layer,  it  will 
often  prove  economical  to  erect  concrete  piers,  and  to  form 
concrete  arches  over  them,  instead  of  laying  a  continuous 
foundation.  The  ground  under  the  piers  should  be  very 
firm,  or  disaster  may  follow.  On  steep  ground  the  system 
of  piers  and  arches  is  often  advantageous.  Fig.  19 
illustrates  the  method  adopted  (1882 — 4)  in  the  founda- 
tions of  the  east  wing  of  the  Army  Headquarters  at  Simla, 
India.*  The  ordinary  foundations  in  these  buildings  con- 
sisted of  a  series  of  concrete  piers  to  carry  iron  columns,  and 
with  cross-footings  between  to  carry  the  cross  walls,  but 
where  the  excavation,  in  order  to  get  a  good  bottom,  was 
carried  more  than  10  ft.  deep,  "groined  arches"  were 
thrown  from  pier  to  pier  to  carry  the  cross  walls. 

The  concrete  for  the  whole  of  the  buildings  consisted  of 
hydraulic  lime,  ground  on  the  building-site  and  used  quite 
fresh  and  without  slaking  or  wet-grinding ;  surkhi  (pounded 
bricks),  ground  on  the  site  and  screened  through  a  sieve  of 
132  meshes  to  the  inch  (superficial)  for  fine  work,  and 
through  -|-in.  and  TVm-  Dar  screens  for  ordinary  work ; 
and  limestone,  broken  by  hand  to  pass  a  1-in.  ring.  The 
lime  and  surkhi  were  mixed  dry  in  the  proportion  of  1  to 
2  ;  5  cubic  feet  of  ground  lime  +10  cubic  feet  of  surkhi, 
mixed  dry,  made  14  cubic  feet  of  "dry  mortar."    This  was 

*  See  paper  by  Mr.  Walter  Smith,  A.M.Inst. C.E.,  in  the  Proceed- 
ings of  the  Inst.  C.  E.9  vol.  lxxxiii.  (1885-6),  part  i. 
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Fig.  19. 


, — Plan  and  Section  (on  line  A  B),  of  the  Foundations  of  the 
Army  Headquarters,  Simla. 
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mixed  with  the  aggregate  in  the  proportion  of  42  to  100 
for  ordinary  foundations,  and  45  to  100  for  walls  and 
arched  vaulting.  For  ordinary  foundations,  therefore,  the 
concrete  consisted  of  1  part  lime,  2  parts  surkhi,  and  6*6 
parts  broken  stone,  a  rather  poorer  concrete  than  would  be 
allowed  by  the  London  County  Council. 

The  following  table  shows  the  material  used  to  make 
100  cubic  feet  of  rammed  concrete  of  each  kind : — 


Table  XXIV.— Bulk  of  Ingredients  in  Lime  Concrete. 


Ordinary  Founda- 
tions. 

Walls  and  Arched 
Vaulting. 

cub.  ft. 
17-5 

35 

cub.  ft. 
19 
38 

Surkhi   

49 
117 

53 
117 

100 

100 

The  concrete  in  the  foundations  was  deposited  in  3-in. 
layers,  and  "  rammed  until  the  moisture  exuded  at  the  top, 
and  the  blows  of  the  rammer  caused  no  further  yielding  in 
the  mass."  Stones  and  boulders  were  imbedded  in  the  con- 
crete, and  in  this  way  a  saving  of  about  6  per  cent,  was 
effected.  The  outline  of  each  foundation  was  marked  by 
rough  stone  walling  lined  with  planks,  and  as  each  course 
was  completed  and  sufficiently  set  (usually  in  three  days), 
the  planks  were  removed  and  the  space  between  the  piers 
was  filled  with  earth  well  rammed. 

Successive  courses  were  laid  in  this  manner  until  the 
springing  of  the  arches  was  reached.  Then  earth  was 
heaped  up,  well  rammed,  moulded  by  templates  to  the 
shape  required  for  the  groining,  and  plastered  first  with 
cow-dung  and  afterwards  with  lime-plaster.  Concrete  was 
then  deposited  and  rammed  up  to  the  floor-level,  "each 
vaulted  arch  being  completed  to  its  full  thickness  before 
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the  next  was  commenced.  At  a  later  period  the  earth- 
centres  were  removed,  when  the  groins  were  found  to  be 
clearly  defined." 

Underpinning. — Concrete  is  frequently  used  for  under- 
pinning walls,  the  foundations  of  which  have  yielded  or 
which  have  to  be  taken  to  a  greater  depth  for  better 
basement  accommodation.  The  operation  can  be  carried 
out  in  almost  any  length  at  a  time  if  the  wall  be  supported 
on  needles  and  posts,  or  in  short  lengths  of  four  or  five 
feet  at  a  time  without  needles.  Concrete  for  such  work 
should  be  of  richer  quality  than  for  ordinary  foundations, 
as  the  greatest  weight  which  it  has  to  carry,  will  come 
upon  it  before  it  has  had  much  time  to  harden.  A  good 
mixture  would  be  1  part  quick-setting  Portland  cement, 

1  part  coarse  clean  sand,  and  from  4  to  6  parts  washed 
aggregate  of  irregular  shape  and  size  free  from  sand.  The 
usual  method  is  to  deposit  a  bed  of  concrete  of  suitable 
width  and  thickness  and  of  convenient  length,  and  upon 
this  to  build  a  new  wall  in  brick  or  stone  bedded  in 
cement  mortar  (about  1  cement  to  2  sand),  up  to  the  old 
wall,  and  to  pin  the  uppermost  joint  with  slate  or  iron 
wedges.  The  new  work  can  be  strengthened  by  grouting, 
and  the  uppermost  joint  can  be  effectually  filled  by  taking 
out  some  of  the  old  bricks  above  the  joint  every  few  feet, 
and  pouring  thick  neat  cement  grout  into  the  middle  of 
the  wall.  Unless  needles  are  used,  underpinning  should 
not  be  carried  out  rapidly,  or  the  weight  may  be  put  on 
the  concrete  before  it  has  hardened  sufficiently  to  bear  it. 

Sometimes,  however,  underpinning  is  done  entirely  in 
concrete.  As  long  ago  as  1834  a  warehouse  at  Chatham,* 
the  pile  foundations  of  which  had  rotted  and  yielded,  was 
underpinned  in  this  way.  Concrete,  consisting  of  ground 
Hailing  lime  (used  hot),  and  Thames  ballast,  in  the 
proportion  of  1  to  6  (or  7),  was  used.  It  was  deposited 
and  well  rammed  in  lengths  of  about  5  ft.  at  once,  and 

2  ft.  wider  than  the  walls,  to  a  thickness  of  3  ft.    On  the 


*  Burnell's  "  Limes,  Cements,  Mortars,  &c.,"  in  Weale's  Series. 
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top  of  this  bed  a  moveable  framework  was  laid,  consisting 
of  two  end  pieces  of  iron  crossing  the  wall  and  two  planks 
one  on  each  side  of  the  wall,  so  arranged  that  the  latter 
could  be  worked  forward  and  backward  by  means  of  screws. 
When  the  planks  were  as  far  apart  as  was  considered 
necessary,  the  rectangular  space  between  them  and  the 
iron  end  pieces,  was  filled  with  concrete,  and  the  planks 
were  then  forced  closer  together  by  means  of  the  screws, 
effectually  compressing  the  concrete  against  the  super- 
incumbent wall.  The  spaces  left  by  the  iron  end-plates, 
which  were  about  §  in.  thick,  were  afterwards  filled  with 
grout.  Some  years  afterwards,  Lieut. -Col.  Denison  stated 
that  no  settlement  had  taken  place  since  the  work  was 
completed.  Now-a-days,  such  work  would  be  carried  out 
with  Portland  cement  instead  of  lime,  and  the  concrete 
would  be  so  much  the  more  reliable. 

Caissons. — Iron  caissons  are  frequently  used  for  the 
foundations  of  bridges  and  other  works  in  water,  and  are 
usually  filled  wholly  or  partially  with  concrete.  These, 
however,  do  not  fall  within  our  province,  but  a  word  or 
two  about  concrete  caissons  or  wells  ought  to  be  said,  as 
these  have  been  used  on  several  occasions,  not  only  for 
works  in  the  sea,  but  also  in  marshy  or  light  sandy  ground. 

They  consist  of  a  rim  or  cutting  edge,  frequently  of 
wood  and  iron,  on  which  is  raised  a  concrete  wall  either  in 
the  form  of  a  circle  or  a  rectangle ;  the  rectangular  form  is 
more  easily  built,  but  the  circular  form,  although  more 
difficult  to  construct  on  account  of  the  shaped  frames 
which  are  required,  ought  to  be  adopted,  as  such  caissons 
can  be  sunk  more  regularly  and  are  less  liable  to  crack  in 
sinking.  In  large  caissons  of  rectangular  shape,  iron  tie- 
bars  are  sometimes  imbedded  in  the  sides  to  prevent 
cracks.  Hexagonal  caissons  would  be  less  liable  to  crack 
than  rectangular  ones,  and  more  easy  to  mould  than 
circular  ones. 

The  height  of  the  first  portion  of  the  caisson  may  be 
about  5  ft.  This  is  placed  in  position,  and  is  sunk  by  men 
digging  inside,  or,  when  the  water  becomes  too  strong,  by 
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excavating  with  chain-grabs  or  other  contrivance.  When 
the  sinking  has  been  continued  far  enough,  another  height 
of  concrete  is  added  to  the  caisson,  and  so  on  until  a  proper 
foundation  has  been  reached.  The  sinking  of  the  caisson 
is  of  course  assisted  by  its  own  weight. 

One  of  the  first  of  these  caissons  was  made  by  Mr.  Bindon 
B.  Stoney  in  Dublin  Harbour,  in  1863,  to  form  the  base  of 
a  beacon-tower.  It  was  19  ft.  in  diameter  and  weighed 
80  tons.  After  it  had  properly  set,  it  was  conveyed  down 
the  River  Liffey  to  its  destination,  a  distance  of  about  two 
miles,  and  was  there  placed  in  position,  and  lowered  by 
excavating  the  ground  within  it,  more  concrete  being  added 
as  the  caisson  sank. 

At  Colombo  Harbour,  Ceylon,*  the  depot-wharf  wall  is 
founded  on  a  double  row  of  concrete  cylinders,  each  section 
being  5  ft.  in  external  diameter  and  3  ft.  6  in.  deep,  the 
concrete  being  12  in.  thick.  Another  part  of  the  wall  is 
founded  on  cylinders  7  ft.  in  external  diameter,  the  con- 
crete being  15  in.  thick;  these  cylinders  were  formed  in 
sections  4  ft.  10  in.  deep.  The  concrete  in  the  lowest  or 
cutting  ring  of  each  caisson  was  composed  of  1  part  Port- 
land cement  to  3  parts  stone  and  sand ;  the  concrete  in  the 
remaining  sections  was  of  1  part  cement,  2  parts  sand,  and 
3  parts  stone. 

At  Felixstowe  tidal-basin  t  rectangular  concrete  caissons, 
30  ft.  by  20  ft.  by  28  ft.  deep,  were  used  with  walls  5  ft. 
thick,  built  on  a  curb  of  wood  and  iron,  which  was  sloped 
down  from  the  inside  at  an  angle  of  45  deg.  to  an  outer 
cutting-edge  of  cast-iron.  As  the  sinking  proceeded,  con- 
crete was  added  in  layers  3  ft.  3  in.  high,  until  the  caissons 
had  reached  a  proper  depth;  6  to  1  concrete  was  then 
filled  into  the  caissons  to  a  height  of  7  ft.,  and  10  to  1 
concrete  for  the  remaining  height. 

Springs. — Springs  of  water  rising  in  the  trenches  are 
sometimes  a  source  of  difficulty.     Col.  Seddon  in  1891 

*  Proceedings  of  the  List.  C.  M9  paper  by  Mr.  John  Kyle.  vol. 
Ixxxvii.  (1886-7),  part  i. 
f  Mi".  John  Eussell,  in  discussion  on  Mr.  Kyle's  Paper. 
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mentioned  the  destruction  of  a  concrete  foundation  by  a 
spring  of  water,  which  was  brackish  and  impregnated  with 
red  oxide  of  iron.  The  concrete  would  not  harden.  He 
overcame  the  difficulty  by  covering  the  soft  concrete  with 
a  layer  of  asphalt  to  keep  down  the  spring,  and  by  de- 
positing upon  this  a  fresh  stratum  of  concrete.  He  assumed 
that  the  soft  concrete  was  as  stable  as  an  ordinary  bed  of 
gravel. 

Another  method  is  to  cover  a  spring  of  water  with  canvas 
or  tarpaulin,  and  in  this  way  prevent  it  damaging  the 
concrete. 

Grouting. — When  a  building  has  to  be  erected  on  a  bed 
of  good  gravel,  concrete  may  be  unnecessary.  Where,  how- 
ever, the  gravel  does  not  appear  to  be  very  firm,  it  can  be 
effectually  consolidated  by  means  of  thick  neat  cement 
grout.  Experiments  have  shown  that  gravel  or  other 
aggregate,  placed  in  a  closed  box,  can  be  made  into  fairly 
good  concrete  by  pouring  cement  grout  through  a  tube  into 
the  box.  The  grout  should  be  neat  Portland  cement,  to 
which  a  little  Roman  cement  may  be  added  to  hasten  the 
setting.    It  should  be  used  as  thick  as  possible. 

Thin  grout  does  not  set  well,  and  grout  containing  sand 
is  liable  to  give  great  inequality  of  strength,  as  the  sand 
and  cement  easily  separate,  and  one  part  of  the  grout  may 
be  nearly  all  sand,  while  another  is  nearly  all  cement. 

Machine-beds. — Concrete  is  now  largely  used  instead  of 
masonry  for  the  beds  or  foundations  of  engines,  cranes,  and 
other  machinery.  The  bolts  for  securing  the  machines 
should  have  washers  or  plates  at  the  bottom  embedded  in 
the  lower  part  of  the  concrete.  As  stability  is,  in  such 
foundations,  of  prime  importance,  a  large  factor  of  safety 
should  be  allowed. 

Concrete  in  Water. — The  method  frequently  adopted 
in  small  works  is  to  construct  a  watertight  dam  by  driving 
sheet-piles  around  the  foundation  into  an  underlying  bed  of 
clay,  the  adjacent  edges  of  the  piles  being  sometimes 
formed  with  a  bird's  mouth  joint.  In  deeper  and  rougher 
water,  the  sheet-piling  may  be  driven  in  two  rows,  the 
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space  between  being  filled  with  clay.  The  water  in  the 
coffer-dam  can  then  be  pumped  out,  the  excavation  com- 
pleted, and  the  concrete  deposited. 

Concrete  is  however  frequently  deposited  in  water,  the 
trenches  having  been  excavated  by  divers  or  dredgers.  In 
the  formation  of  sea-walls  in  this  way,  the  shape  of  the  wall 
is  outlined  by  rows  of  piles,  to  which  timber  panels  are 
attached.  Concrete,  actually  deposited  in  water,  should  be 
10  or  20  per  cent,  richer  in  cement,  as  some  of  this  is  in- 
evitably washed  away,  and  the  concrete  should  be  carefully 
lowered  in  self -opening  boxes  or  skips. 

Foundations  of  sea-walls  are  often  formed  of  great  bags 
of  concrete,  laid  while  the  concrete  is  wet,  so  that  the 
cement,  oozing  through  the  sacking,  unites  the  different 
blocks  together.  Mr.  Carey  constructed  the  foundation  of 
Newhaven  Breakwater  with  two  courses  of  100-ton  sack- 
blocks  of  concrete  laid  transversely  and  breaking  joint ;  the 
blocks  measured  about  50  ft.  by  7  ft.  by  2  J  ft.  thick.  The 
concrete  at  Newhaven  usually  consisted  of  1  part  Portland 
cement  to  8  parts  clean  shingle  and  sharp  sand.  The  faces 
of  the  breakwater,  however,  were  of  1  to  6  concrete,  and  the 
hearting  of  1  to  10. 

Large  hollow  caissons  of  concrete  are  sometimes  con- 
structed on  shore,  then  conveyed  to  their  proper  position 
and  sunk,  and  are  afterwards  filled  with  concrete. 

Huge  solid  blocks  of  concrete,  weighing  several  hundred 
tons,  are  sometimes  made  on  shore,  and  when  they  are 
sufficiently  hardened,  are  towed  or  hauled  into  position  and 
laid  by  means  of  divers. 

Small  concrete  blocks,  frequently  dove-tailed,  are  also 
used  to  form  the  face  of  sea-walls,  and  behind  them  con- 
crete is  deposited  in  mass. 

The  proportions  of  the  ingredients  in  concrete  used  for 
works  in  the  sea  vary  according  to  the  purpose  for  which 
it  is  required.  In  sheltered  places  and  in  the  hearting  of 
walls,  1 2  to  1  concrete  is  often  used,  while  in  exposed  places 
and  for  face-work  4  to  1  or  6  to  1  must  be  employed. 

The    "Ransome"    System. — In   this   system  twisted 
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wrought-iron  bars  are  embedded  in  the  lower  part  of  the 
concrete  to  resist  the  tensile  stresses  in  the  projecting  or 
cantilever  portions  of  the  foundation.  The  arrangement  is 
shown  in  Fig.  20.  A  layer  of  concrete  (1  cement  to  3 
aggregate)  is  first  deposited  to  a  thickness  of  3  to  6  inches ; 
the  twisted  bars  are  then  laid  transversely  and  pressed  into 
the  concrete  at  distances  of  6  to  8  inches,  and  are  covered 


Fig.  20. — Concrete  Foundation  with  Ransome's  Twisted  Jron  Bars. 


by  another  layer  of  1  to  3  concrete  4  inches  thick.  The 
upper  part  of  the  foundation  may  be  of  1  to  6  concrete. 
The  different  layers  should  be  deposited  as  quickly  as 
possible,  so  that  they  will  set  into  a  solid  mass.  Mr. 
Kidder,  *  has  calculated  the  safe  loads  which  may  be  placed 
on  foundations  of  this  kind  from  6  to  20  feet  wide,  and 
some  of  his  figures  are  given  in  the  following  table ;  the 
safe  loads  have,  however,  been  converted  into  English  tons. 

Table  XXIV.,  A. — Concrete  Foundations  with  Ransome's 
Twisted  Iron  Bars. 


Greatest 
Width 
of 

Joncrete. 

Greatest 
Thickness 
of 

Concrete. 

Width  of 
Wall  or 
Footing 
above 

Concrete. 

Distance 
between 
Centres 

of 
Bars. 

Size 
of 
Square 
Bars. 

Safe 
Load 

per 
Lineal 
Foot. 

Size 
of 
Square 
Bars. 

Safe 
Load 
per 
Lineal 
Foot. 

Feet. 

Ft.  Ins. 

Ft.  Ins. 

Inches. 

Inches. 

Tons. 

Inches. 

Tons. 

18 

3  3 

5  6 

8 

2 

68 

li 

50 

14 

2  8 

4  8 

7 

n 

62 

if 

43 

10 

2  3 

4  0 

r> 

H 

58 

1 

37 

6 

1  8 

3  6 

6 

a 
5 

48 

4 

26 

*  Building  Construction  and  Superintendence  by  F.  E.  Kidder, 
Part  I,  page  43. 
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PAVING,  GROUND-LAYERS,  AND  FLOOR-SURFACES. 

Artificial  flags — Curbs,  &c. — Flags  on  piers — Paving-blocks — In  situ 
paving — Concrete-rollers — Stable  floor — Cracks — Ground-layers 
— Floor-surfaces — 1.  Concrete ,  2.  Tiles,  &c,  3.  Wood^blochSy  &c, 
4.  Boards,  5.  Kamptulicon,  &c.— Relative  resistance  to  wear  of 
different  floor-surfaces  (Table  XXV.). 

The  use  of  concrete  for  paving  is  extending  rapidly  both 
in  buildings  and  in  streets.  Miles  upon  miles  of  footpaths 
in  London  and  elsewhere  have  been  formed  with  concrete, 
either  deposited  in  situ  or  laid  in  the  shape  of  flags.  And 
although  we  could  point  to  many  failures  of  concrete  de- 
posited in  situ*,  to  great  cracks  and  honeycombed  surfaces, 
yet,  on  the  other  hand,  we  could  point  to  paving  which, 
after  years  of  heavy  traffic,  seems  as  perfect  as  it  did  a 
month  after  it  was  laid. 

One  objection,  which  is  frequently  raised  against  a  con- 
crete footpath  deposited  in  situ,  is  the  difficulty  of  cutting 
through  it  whenever  it  is  necessary  to  connect  the  drains,  or 
water-pipes,  or  gas-pipes  of  buildings  adjoining  the  footpaths 
with  the  mains  in  the  streets,  and  the  further  difficulty  of 
making  the  paving  good  after  it  has  been  so  cut.  This 
objection  has  had  so  much  weight  that  most  town-surveyors 
or  engineers  prefer  to  use  the  concrete  in  the  form  of  flags, 
and  the  manufacture  of  such  flags  has  within  recent  years 
been  considerably  extended. 

Artificial  Flags. — The  patent  Victoria  Stone  is  a  well- 
known  kind  of  concrete  largely  used  in  the  shape  of  flags. 
It  consists  of  one  part  of  Portland  cement  and  three  parts 
of  "  granite  "  chippings  not  much  larger  than  peas,  cast  in 
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metal-lined  moulds,  and  when  set,  steeped  in  a  solution  of 
silicate  of  soda.  Part  of  the  silica  of  the  solution  is  given 
up  and  combines  with  the  free  lime  of  the  cement,  and 
apparently  hastens  the  induration  of  the  concrete.  The  flags 
are  afterwards  washed  with  clean  water  and  allowed  to 
harden  before  use.  The  compressive  strength  of  this  stone 
is  said  to  surpass  that  of  the  best  sandstones  ;  while  in  im- 
perviousness,  it  is  said  to  be  better  than  Bath  and  Portland 
stone,  about  equal  to  the  best  sandstones,  but  considerably 
inferior  to  granite,  syenite,  and  good  trap  and  basalt.  The 
"  granite  "  used  in  the  manufacture  is  really  a  syenite  from 
the  Groby  quarries  in  Leicestershire,  which,  according  to 
Rivington's  Notes,  weighs  173*4  lb.  per  cubic  foot. 

The  Imperial  Stone,  formerly  known  as  Silicated  Stone, 
is  another  well-known  concrete.  It  consists  of  1  part 
Portland  cement  mixed  with  3  parts  crushed  granite,  the 
largest  dimension  of  any  piece  of  which  does  not  exceed 
three-eights  of  an  inch.  The  dust  formed  in  crushing  the 
granite  is  carefully  washed  away,  as  otherwise  it  would 
prove,  as  we  have  shown,  a  source  of  weakness.  The  cement 
and  aggregate  are  mixed  by  machinery,  and  filled  into 
metal-lined  moulds,  the  upper  surface  (which  is  really  the 
under  surface  of  the  flag  when  laid)  being  smoothed  with  a 
trowel.  In  order  to  condense  the  soft  concrete  as  much  as 
possible,  the  mould  containing  it,  is  placed  upon  a 
"  trembler,"  that  is,  a  bench  to  which  a  pair  of  quickly- 
revolving  cams  impart  a  rapid  vibratory  motion.  By  this 
means,  the  flags  are  rendered  more  dense  and  durable. 

When  the  concrete  has  set  sufficiently,  the  flags  are 
removed  from  the  moulds,  and  packed  for  some  days  in 
tanks  filled  with  a  solution  of  silicate  of  soda. 

Another  well-known  kind  of  paving  is  that  made  by  the 
Croft  Granite  Brick  and  Concrete  Co.,  and  known  as  "  Croft 
Adamant."  This  is  made  like  the  ones  already  mentioned, 
of  Portland  cement  and  crushed  syenite,  the  latter  being 
quarried  in  part  of  the  company's  property.  These  in- 
gredients are  mixed  by  machinery,  and  rammed  into  wooden 
frames.     The  upper  surface  is  finished  and  thoroughly 
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well  trowelled,  by  hand.  These  flags,  therefore,  differ  from 
the  Victoria  and  Imperial  Stone  flags,  in  that  the  wearing 
surface  is  carefully  formed  by  hand,  instead  of  being  simply 
left  as  cast  in  the  mould.  It  is  argued  that  by  this  method 
of  manufacture  a  denser  surface  is  obtained,  and  the  danger 
of  pin-holes  on  the  surface,  due  to  excess  of  water  in  the 
concrete,  is  avoided.  Sometimes  the  flags  are  finished  for 
a  certain  thickness  (say,  half  or  three-quarters  of  an  inch), 
with  coloured  concrete,  usually  red ;  the  effect  is  pleasing. 

Granite-concrete  flags  of  good  quality  are  also  made  by 
W.  B.  Wilkinson  &  Co.,  Stuart's  Granolithic  Paving  Co., 
and  many  other  makers,  the  ingredients  in  nearly  every  case 
being  Portland  cement  and  some  kind  of  granite  or  syenite. 
Whinstone  and  slag  are,  however,  sometimes  used. 

The  durability  of  the  best  artificial  flags  is  beyond 
question.  They  do  not  crack  or  scale  away,  but  have 
a  hard  dense  structure.  ,  On  the  other  hand,  there  is 
much  artificial  flagging  which,  on  account  of  bad  materials 
or  workmanship,  or  insufficient  cement,  soon  presents  a 
honeycombed  surface,  and  wears  rapidly  away  •  while  some 
is  porous  in  consequence  of  the  ingredients  having  been 
mixed  too  dry. 

Some  artificial  paving  can  be  obtained  with  impressed 
patterns,  which  have  a  good  appearance  and  improve  the 
foothold ;  while  other  paving  is  supplied  in  various  shapes, 
sizes,  and  colours,  and  can  then  be  laid  in  simple  patterns. 

The  usual  thickness  of  artificial  flagging  is  from  2  in.  to 
2  \  in.,  the  usual  breadth  is  2  ft.,  and  the  length  varies 
by  6  in.  from  1  ft.  6  in.  to  3  ft.  6  in. 

Curbs,  &c. — Granite-concrete  curbs  and  channels  are 
largely  used  for  the  sides  of  footpaths,  where  artificial 
flagging  is  adopted. 

Flags  on  Piers. — Mr.  Lascelles  advocates  the  formation 
of  an  air-space  under  artificial  flagging  in  dwellings  by 
means  of  small  concrete  piers,  on  which  the  corners  of  the 
flags  are  supported;  this  air-space  prevents  the  rising  of 
damp  through  the  floor. 

Paving-Blocks, — In  addition  to  artificial  flags,  which  of 
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course  are  only  suitable  for  foot-traffic,  concrete  paving- 
blocks  of  several  kinds  are  now  made  for  vehicular  traffic. 
Such  are  the  patent  paving-blocks  of  Croft  Adamant ; 
each  block  is  about  18  in.  wide,  30  in.  long,  and  3  in. 
thick,  and  has  two  longitudinal  V-shaped  grooves,  and  two 
half -grooves  along  the  edges,  as  shown  in  Fig.  21.  The 
concrete  used  in  these  blocks  is  of  a  coarser  kind,  in  order 
that  the  surfaces  may  not  wear  slippery  ;  the  pieces  of 
syenite  vary  in  size  up  to  2-in.  cubes.    The  blocks  are 


Fig.  21.— Croft  Paving-Blocks  and  Channel. 

laid  with  the  grooves  running  across  the  road,  so  as  to  give 
good  foothold  to  horses,  and  concrete  channels  are  made 
for  the  sides  of  the  road  with  grooves  across  one  edge  of 
the  channel  to  correspond  with  the  grooves  of  the  paving. 

Maclean's  patent  paving-blocks  are  of  cement-concrete 
with  "  rings,  strips,  or  small  blocks  of  lead  "  inserted  flush 
with  the  surface  to  prevent  wear. 

Other  paving-blocks  are  made  with  cubes  of  syenite  or 
other  hard  material  inserted  by  hand  into  the  concrete 
while  it  is  soft,  and  left  projecting  about  half-an-inch  above 
the  general  surface  of  the  block. 
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In  situ  Paving. — But  while  artificial  flags  are  useful 
for  the  footways  of  streets,  there  are  many  situations  in 
which  a  jointless  slab  of  concrete  is  much  better,  such  as 
the  floors  of  basements,  or  of  rooms  on  the  solid  ground,  or 
of  stables,  cow-houses,  &c.  In  these  cases  a  floor  is 
required  which,  while  having  a  durable  surface,  also  pre- 
vents the  rising  of  moisture  and  of  subsoil  air,  and  the 
percolation  of  foul  water  and  sewage  into  the  ground 
beneath.  Some  kind  of  concrete  flooring,  deposited  in 
situ,  and  without  joints,  should  then  be  adopted. 

The  Patent  Victoria  Stone  Co.  prefers  a  foundation  of 
broken  brick  about  4  in.  thick,  upon  which  is  laid  in  one 
operation  a  layer  of  concrete  2  in.  thick,  composed  of  1  part 
Portland  cement  and  3  parts  finely-crushed  and  machine- 
washed  granite. 

Another  kind  of  in  situ  paving  is  laid  by  the  Imperial 
Stone  Co.,  and  is  known  as  "  Petro-silicon."  Where  heavy 
traffic  is  expected  on  the  paving  soon  after  it  is  laid,  the 
surface  is  treated  with  silicate  of  soda  in  order  that  the 
hardening  may  be  hastened. 

Stuart's  Granolithic  Paving  has  a  layer  of  cement-and- 
gravel  concrete  2  or  3  in.  thick,  and  a  finishing  coat  of 
cement  and  crushed  granite  1  or  1|  in.  thick,  the  whole 
being  laid  on  a  foundation  of  broken  brick  or  stone. 

Concrete  footpaths  have  been  largely  used  in  this 
country  and  in  the  United  States.  Gilmore  recommends 
them  to  be  laid  on  beds  of  well-compacted  sand  or  gravel 
to  allow  for  sub-drainage.  The  rough  concrete  should  be 
3 1  or  4  in.  thick,  composed  of  1  part  Rosendale  or  other 
cement,  2|  parts  sand,  and  5  broken  stone  and  gravel,  well 
rammed,  and  with  the  surface  afterwards  roughened  by 
scratching.  Upon  this,  the  finishing  coat  of  Portland 
cement  mixed  with  2  or  2J  parts  of  "clean  fine  sand  "  [sic] 
is  laid,  and  rammed  to  a  finished  thickness  of  about  J  in.,, 
the  surface  being  neatly  smoothed  with  a  trowel.  The 
pavement  should  be  covered,  as  soon  as  it  is  finished,  with 
hay,  sand,  &c,  to  protect  it  from  the  sun,  for  ten  days  or 
more,  and  then  with  a  layer  of  damp  sand  "  to  prevent  wear 
for  two  or  three  weeks." 
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A  more  recent  American  specification  requires  a 
foundation  (5  in.  thick)  of  coarse  gravel,  broken  stone, 
sand  or  ashes,  well  rammed  or  rolled,  on  which  a  layer  of 
concrete  (1  cement,  1  sand,  and  3  gravel)  is  spread  to  a 
thickness  of  3  or  4  inches  and  well  rammed;  before  this 
has  begun  to  set,  the  finishing  coat,  composed  of  cement 
and  sand  or  cement  and  clean  crushed  granite  in  equal 
proportions,  must  be  applied  with  a  trowel  to  a  thickness 
of  1  in.,  and  carefully  smoothed  and  levelled  between 
straight-edges  or  "  screeds." 

The  following  method  of  laying  in  situ  paving  is  recom- 
mended by  Messrs.  W.  B.  Wilkinson  k  Co.  When  the 
ground,  after  being  excavated  to  the  proper  depth,  is  soft, 
it  must  be  well  rammed,  or,  in  bad  cases,  a  layer  of  common 
concrete  must  be  laid,  the  upper  surface  being  left  6  in. 
or  7  in.  below  the  intended  finished  floor-line.  On  good 
consolidated  ground,  a  layer  of  brick-bats  or  stone-rubble 
is  spread  and  then  broken,  so  as  to  form  a  layer  about  4  in. 
thick;  the  breaking  helps  to  consolidate  the  ground  still 
more.  (When  a  common  concrete  foundation  has  been 
laid,  the  brick-bats  or  rubble  should  be  broken  before  being 
spread.)  There  should  be  no  soil  or  small  stuff  among  the 
broken  material,  and  this  should  be  laid  roughly  to  the 
various  gradients  required.  On  the  broken  material,  the 
proper  concrete  pavement  is  laid  down  soft  and  finished 
with  a  smooth  or  grooved  surface  as  required.  For  mode- 
rately light  traffic,  as  in  coach-houses,  warehouses,  foot- 
paths, gentlemen's  stables,  &c,  the  paving  is  usually  laid 
about  2  in.  thick,  and  a  thickness  of  3  in.  is  found  enough 
for  the  heaviest  horses,  carts,  rolling  casks,  &c. 

For  stables,  stable-yards,  conservatories,  sloping-ground, 
and  other  places  where  liquid-manure  or  water  would  other- 
wise spread  over  the  whole  surface,  or  where  a  good  foothold 
is  necessary,  the  surface  of  the  concrete  should  be  indented 
or  grooved,  and  channels  formed  for  drainage  where  required. 

Concrete-Rollers. — The  indents  for  giving  a  rougher 
surface  to  concrete  paving  may  be  conveniently  made  by 
means  of  Gilchrist's  small  brass  rollers  with  projecting 
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teeth,  such  as  that  shown  in  Fig.  22.  These  rollers  are 
made  from  51  to  9  in.  long,  and  3  J  or  4  in.  in  diameter. 

Grooves  for  affording  surface-drainage  and  foothold,  at  the 
same  time,  may  be  made  by  small  brass  rollers  having  one 
or  more  projecting  V-shaped  ribs,  similar  to  the  one  shown 
in  Fig.  23.  The  ribs  are  of  various  sizes,  but  make  grooves 
varying  from  \  to  \  in.  deep,  and  from  §  to  f  in.  wide  at 
the  top.  Larger  sizes  can,  of  course,  be  obtained.  Rollers 
are  also  made  of  different  designs  from  the  foregoing,  such 


Fig.  22.— Brass  Koller  for  In-  Fig.  23.— Brass  Roller  for 

denting  Concrete  Paving.  Grooving  Concrete  Pavmg 


as  "crimpers,"  which  form  a  series  of  V-shaped  ridges  and 
hollows,  but  the  ones  mentioned  are  most  frequently  used. 

Stable  Floor. — Fig.  24  is  a  plan  of  a  stable  floor, 
showing  the  diagonal  V-shaped  grooves  in  the  stall  at  A  A, 
passing  into  the  larger  V-shaped  or  semi-circular  channel 
at  B,  which  in  turn  leads  into  the  main  channel  at  C. 
The  last  may  be  formed  to  receive  an  iron  grate  as  shown 
in  Fig.  25,  or  may  consist  of  a  stoneware  or  iron  gutter 
bedded  in  the  concrete.  A  raised  footway  is  provided  at 
D  D,  which  may  be  grooved  to  almost  any  pattern,  although 
it  must  be  remembered  that  the  simplest  patterns  can  be 
most  easily  swept  clean.    Straight  grooves  across  the  foot- 
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way,  as  shown  at  E, 
are  the  best  in  this 
respect.  Plain  mar- 
gins are  left  around 
each  stall  and  wall,  so 
as  to  be  more  easily 
swept.  The  use  of 
diagonal  "  crimpers  " 
is  shown  in  the  border 
at  F  F. 

A  good  effect  is  ob- 
tained by  adding  red 
or  other  colouring 
matter  to  the  concrete 
of  the  gangway  for  the 
whole  or  part  of  its 
width,  as  shown  by 
the  dotted  portion  in 
the  figure. 

Where  brick  paving 
is  adopted  for  stables, 
&c,  it  is  best  to  de- 
posit for  the  reception 
of  the  bricks  a  6-in. 
layer  of  concrete,  laid 
to  the  proper  gradients. 
The  surface  of  the  con- 
crete can  be  finished 
with  a  |-in.  coat  of 
WWVW W  p  cement  mortar  (1  to  1, 

■;^1;^:-L^V^^^  f  or  1  to  2),  in  which  the 

umfimw^  \  bricks  can  be  bedded  * 

V :; •• : : : ;•  ■ ■;        D/ V •  V y •  •  'X: •' .    the  joints  of  the  bricks 

should  be  carefully 
made  with  the  same 
mortar,  and  then 
grouted  over  with  neat 
cement  grout. 
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Fig.  24.— Plan  of  Stable  Floor. 
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Cracks. — The  expansion  and  contraction  due  to  changes 
of  temperature  frequently  cause  cracks  in  large  areas  of 
paving  exposed  to  the  weather.  These  cracks  are  not  only 
unsightly,  but  also  allow  water  to  find  its  way  into  the 
concrete,  and  render  the  latter  liable  to  destruction  by 
frost.  The  difficulty  can  be  overcome  by  forming  the 
paving  into  separate  slabs  by  means  of  wood  laths  about 
f  in.  thick,  placed  in  the  concrete  every  8  ft.  or  10  ft. 
These  lathed  joints  allow  for  expansion  and  contraction. 

Ground-Layers. — A  common  method  of  forming  base- 
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Fig.  25.— Section  of  Channel  and  Grate  in  Stable. 


ment-floors,  especially  in  towns  where  a  6-in.  layer  of  con- 
crete over  the  whole  site  of  a  building  is  required  by  the 
by-laws,  is  to  deposit  concrete  5  in.  or  6  in.  thick,  as  shown 
in  Figs.  14  and  15,  pp.  219  and  221,  and  finish  the  surface 
of  this  in  one  of  the  various  ways  hereafter  mentioned. 

As  this  concrete  is  intended  to  keep  down  moisture  and 
subsoil  air,  it  should  be  as  impervious  as  possible,  and  for 
this  reason  a  considerable  proportion  of  sand  and  small 
gravel  should  be  used  in  its  composition,  so  that  all  inter- 
stices may  be  well  filled ;  e.g.,  the  concrete  might  consist  of 
1  part  Portland  cement  or  good  hydraulic  lime,  2  parts 
clean  sand,  1  part  pea-gravel,  and  3  parts  gravel,  stone,  or 
brick,  broken  to  pass  a  l|-in.  ring.  Coke-breeze  and  similar 
aggregates  of  coarse  open  texture  should  not  be  used  in 
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ground-layers,  as,  besides  absorbing  moisture,  they  afford 
accommodation  for  vermin,  which  may  eventually,  through 
some  unsuspected  crevice,  find  access  to  the  rooms  above. 

Floor-Surfaces.  1.  Concrete. — The  pavings  already 
described  may  be  used  for  the  floors  of  houses  and  other 
buildings,  but  the  total  thickness  of  the  concrete  in  floors 
laid  on  the  ground  is  generally  specified  in  the  by-laws 
of  public  authorities  to  be  not  less  than  6  in. 

The  surface  of  concrete  floors  can  be  economically  finished 
with  a  thin  coat,  \  in.  or  f  in.  thick,  composed  of  Portland 
cement  and  clean  coarse  sand  or  sharp  grit,  well  trowelled. 
This  ought  to  be  applied  before  the  rough  concrete  has  set, 
in  order  that  the  whole  may  set  into  one  mass.  Granite 
sand  gives  better  results  than  ordinary  sand.  Pea-gravel, 
from  which  all  sand  has  been  screened,  is  sometimes  used 
with  good  results,  and  wears  less  rapidly  than  a  mortar 
containing  sand  in  the  same  proportions. 

For  rough  work,  neat  cement  is  sometimes  worked  into 
the  concrete  foundation  with  a  hand-float  and  trowel,  but 
without  leaving  any  coating  on  the  surface, 

It  may  here  be  remarked  that  all  floor-surfaces  containing 
cement  are  improved  by  being  frequently  washed  or  wetted 
during  the  first  few  months  of  their  existence.  Unless  this 
is  done,  the  dry,  warm  air  of  houses,  &c,  abstracts  all  the 
moisture  from  the  concrete,  and  prevents  the  due  hardening 
of  the  cement.  It  is  largely  owing  to  this  cause  that  many 
cement  floors  are  friable  and  yield  a  large  amount  of  dust. 

Clean  crushed  crystalline  limestone,  quartz,  and  granite, 
from  which  all  dust  has  been  removed,  form  better  aggre- 
gates than  sand  for  surface-coats.  They  should  be  passed 
through  |-in.  or  f-in.  screens,  and  mixed  with  neat  Portland 
cement  in  the  proportion  of  1  part  cement  to  2  parts 
aggregate,  and  should  be  laid  so  as  to  finish  1  in.  or  1^  in. 
thick,  well  beaten,  and  trowelled  to  a  smooth  surface. 

Ornamental  concrete  floors  can  be  produced  by  using 
aggregates  of  different  colours  embedded  in  Portland 
cement,  which  can  also  be  coloured  if  desired.  White  spar, 
marble,  greyish-green  slag,  pink  or  grey  granite,  dark-grey 
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syenite,  and  other  materials  can  be  employed  with  good 
effect.  Cubes  of  granite,  &c,  screened  through  two  sieves 
(the  one  to  eliminate  the  fine  particles,  the  other  the  large 
pieces),  and  with  the  irregular-shaped  pieces  picked  out  by 
hand,  can  be  obtained  for  the  purpose.  The  cement  with 
which  they  are  mixed  can  be  coloured  a  rich  red  by  means 
of  ground  red  hematite,  or  Venetian  red,  and  other  colours 
can  be  obtained  by  means  of  various  mineral  colouring- 
matters — blue  by  German  ultramarine,  browns  by  Various 
oxides  of  iron,  black  by  black  manganese.  Nearly  all 
colouring-matters,  however,  reduce  the  strength  of  cement, 
and  in  some  cases  the  loss  of  strength  is  so  great  as  to 
render  the  concrete  extremely  friable  and  porous. 

The  ingredients  should  be  thoroughly  mixed,  spread 
upon  the  rough  concrete  bed,  well  rammed,  and  finished 
level  or  with  the  necessary  falls,  the  surface  being  thoroughly 
well  smoothed  with  a  trowel.  The  finished  thickness  of 
this  surface-layer  should  not  be  less  than  f  in.,  and  is 
seldom  more  than  \\  in. 

Terrazzo  is  the  name  now  generally  applied  to  a  finishing 
coat  of  polished  concrete.  To  receive  this,  the  rough 
concrete  must  be  rendered  with  cement  mortar  (usually  1 
cement  to  2  sand),  finished  to  a  true  and  level  surface. 
The  terrazzo  is,  as  a  rule,  f  in.  in  thickness,  and  is  composed 
of  cement  and  marble  dust,  in  the  surface  of  which  small 
pieces  of  marble  are  embedded.  In  the  cheapest  kind,  the 
cubes  are  irregularly  distributed,  but  for  better  work  larger 
pieces  of  marble  (up  to  f  or  1  inch  on  the  face)  are  "  sown  " 
by  hand  on  the  surface.  The  marble  may  be  entirely  of  one 
kind  (usually  white),  or  variety  may  be  obtained  by  a 
mixture  of  different  colours,  white,  yellow,  red,  green,  black, 
&c,  or  by  forming  the  central  portion  of  one  colour  or  a 
mixture  of  colours,  and  the  borders  of  other  colours  (usually 
darker  than  the  central  portion).  The  polishing  is  begun 
immediately  after  the  floor  is  laid,  and  is  effected  by  means 
of  smooth  stones  attached  to  wooden  handles,  water  being 
applied  somewhat  freely  during  the  operation.  Coloured 
cement  is  sometimes  used,  but  it  is  much  better  to  rely  for 
the  colour-effect  entirely  on  the  marble, 
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At  the  Hotel  Metropole,  Brighton,  nearly  six  acres  of 
floors  are  formed  with  Stuart's  Granolithic  Paving,  upon 
which  cloth-felt  is  spread  to  receive  the  carpets.  And  at 
the  Savoy  Hotel,  London,  nearly  all  the  floors,  which 
consist  of  steel  joists  and  coke-breeze  concrete,  are  simply 
finished  on  top  "  with  neat  cement." 

2.  Tiles,  <kc. — The  best  foundation  for  floor-tiles  and 
mosaic  is  a  layer  of  concrete  about  6  inches  thick,  floated 
with  a  J  or  \  in.  coat  of  cement  mortar  (about  1  to  2)  to  a 
perfectly  level  surface.  The  top  of  this  coat  should  be  left 
\  in.  plus  the  thickness  of  the  tiles,  below  the  proposed 
floor-level.  The  J  in.  is  allowed  for  the  coat  of  quicksetting 
cement,  in  which  the  tiles  are  bedded. 

The  tiles  used  for  floor-surfaces  are  usually  encaustic 
tiles,  glazed  or  unglazed,  and  are  made  from  different 
clays  coloured  as  required  and  properly  burnt.  Tiles, 
however,  are  now  made  of  Portland  cement  and  granite- 
sand,  coloured  throughout  their  thickness.  The  tiles  are 
usually  plain,  although  ornamental  ones  with  patterns  in 
two  or  more  colours,  can  be  obtained.  The  colours,  that  can 
be  used  with  Portland  cement  without  damaging  it,  are  few 
in  number  and  do  not  yield  as  brilliant  an  effect  as  encaus- 
tic tiles.  A  rich  red  colour  is  the  most  satisfactory,  and  a 
good  deep  blue  is  also  available ;  buff,  brown,  black,  and  a 
rather  disagreeable  green  almost  complete  the  range.  If 
the  cement  used  in  these  tiles  is  not  thoroughly  air-slaked, 
fine  hair-cracks  appear  on  the  surface.  Small  pin-holes,  due 
to  excess  of  water  in  the  mixing,  are  also  somewhat  frequent, 
but  are  of  little  detriment  to  the  wearing  power  of  the 
tiles. 

Marble-mosaic  tiles  are  a  kind  of  concrete,  consisting  of 
cement  and  random  tesserae  of  marble,  compressed  and 
polished  like  terrazzo.  They  have  a  pleasing  effect,  can  be 
had  of  various  colours,  and  are  durable. 

3.  Wood-blocks,  &c. — In  the  case  of  wood-blocks  and 
parquetry,  when  the  surface-coat  on  the  concrete  layer  is 
hard,  a  layer  of  bituminous  composition  must  be  spread  upon 
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ifc  to  receive  the  blocks.  There  are,  however,  several 
systems  of  wood-block  flooring  in  which  metal  keys  are  in- 
serted in  the  concrete  for  the  purpose  of  giving  additional 
security  to  the  blocks,  or  in  which  small  cubes  of  wood  are 
inserted  to  which  the  blocks  can  be  secured  with  screws  or 
metal  discs. 

m  4-  Boards. — Building-owners  frequently  exhibit  a  par- 
tiality for  ordinary  boarded  floors,  even  when  fire-resisting 
construction  is  adopted.  Sometimes  ordinary  boards  are 
laid  upon  the  concrete  layers  in  basements  without  any  in- 
tervening joists  or  bituminous  composition.  Such  floors 
should  have  a  first  layer  of  good  dry  broken  stone  or  brick, 
then  a  layer  of  impervious  concrete  3  in.  or  4  in.  thick,  and 


Fig.  26. -Concrete  Floor  with  Boards  nailed  to  continuous  lines  of 
Wright's  Fixing-Blocks. 

finally  a  2-in.  layer  of  coke-breeze  concrete  (1  to  4),  brought 
to  a  perfectly  level  surface.  When  this  has  dried  suffici- 
ently (which  will  not  be  in  less  than  three  or  four  weeks), 
the  floor-boards  can  be  laid  and  nailed  directly  to  the  coke- 
breeze  concrete.  Mr.  C.  F.  Moxon,  in  The  Builder  for 
Sept.  8,  1888,  declares  that  there  is  no  danger  of  dry-rot; 
we  think,  however,  that  a  thin  coat  of  bituminous  composi- 
tion, spread  over  the  concrete  as  for  wood-blocks,  would  be 
an  additional  safeguard. 

For  upper  floors,  of  course,  there  is  no  reason  why  the 
boards  should  not  be  nailed  directly  to  the  concrete,  if  coke- 
breeze  concrete  be  used.  This  is  frequently  done,  and  it 
has  the  advantage  of  eliminating  all  spaces  where  dirt  and 
vermin  could  accumulate. 

When  the  floors  are  not  composed  of  coke-breeze  con- 
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crete,  some  other  method  must  be  adopted.  An  excellent 
system  consists  in  the  use  of  Wright's  patent  fire-proof 
fixing-blocks  (which  are  as  cheap  as  wood  fillets  of  similar 
section)  as  shewn  in  fig.  26.  These  have  a  sectional  area  of 
4 1  in.  by  2f  in.  and  are  made  in  12  in.  lengths.  They  are 
laid  end  to  end  in  continuous  lines  from  18  to  24  in.  apart, 
and  narrow  flooring-boards,  about  \\  in.  thick,  are  nailed 
directly  to  them,  without  any  space  being  left  under  the 
boards.  These  are  cheaper  than  blocks.  A  thin  layer  of 
bituminous  composition  should  be  spread  on  the  concrete,  if 
this  is  on  the  solid  ground.  Sometimes  a  packing  of  slag 
wool  is  laid  between  the  concrete  and  the  boards. 

Sometimes  strips  of  coke-breeze  concrete  are  laid  upon  the 
other  concrete,  and  to  these  the  boards  are  nailed,  as  shewn 


Fig.  27. — Boarded  Concrete  Floor 
with  Wood  Fillets  secured  to 
Fixing-Blocks. 


Fig.  28. — Boarded  Concrete 
Floor  with  Dove-Tailed 
Wood  Fillets. 


in  Fig.  33,  p.  276;  or  small  dove-tailed  wood-blocks  are  in- 
serted in  the  concrete,  to  which  small  wood  fillets  (2  in.  by 
1 J  in.,  or  thereabouts)  are  nailed,  and  to  these  the  boards 
are  secured,  as  in  Fig.  27.  Substitutes  for  the  wood-blocks 
can  be  found  in  Wright's  concrete  fixing-blocks,  or  in  Jabez 
Thompson's  brickwood  fixing-blocks.  Sometimes  the  fillets 
themselves  are  cut  to  a  dove-tailed  section,  and  imbedded  in 
the  concrete,  as  in  Fig.  28,  but  the  insertion  of  wood  into 
concrete  in  this  manner  is  not  to  be  recommended. 

Objection  is  frequently  taken  to  the  cavities  left  in  the 
floors  by  the  various  systems  of  boarding  on  wood  fillets. 
Certainly  they  harbour  dirt  and  vermin,  and  are,  therefore, 
sanitarily  imperfect,  but  they  have  the  advantage  of  deaden- 
ing the  sound  to  some  extent,  and  in  solid  concrete  floors 
the  transmission  of  sound  is  a  great  disadvantage.  When 
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necessary,  the  cavities  can  be  filled  with  coarse  concrete, 
slag-wool,  coke-breeze,  &c. 

5.  Kamptulicon,  &c. — Still  another  method  of  finishing 
concrete-floors  is  sometimes  adopted,  and  that  is  to  glue 
kamptulicon,  "  cork-carpet,"  or  similar  material  to  the  level 
floated  coat  on  the  concrete.  The  "  cork-carpet "  is 
especially  to  be  recommended,  as  it  deadens  the  sound  of 
footsteps  to  a  considerable  degree. 

Relative  Resistance  to  Wear  of  various  floor- 
surfaces. — The  resistance  to  wear  of  several  kinds  of  stone 
was  considered  in  Chapter  XI.  The  best  materials  were 
found  to  be  quartzite,  quartz,  porphyry,  basalt,  and  trap- 
rocks;  good  granite  and  syenite  were  about  20  per  cent, 
inferior.  The  best  syenite  or  granite,  of  the  four  kinds 
from  Great  Britain  which  were  tested,  was  found  to  be  the 
pink  Leicestershire  syenite,  and  the  worst  was  the  black 
Guernsey  syenite,  Aberdeen  granite  being  about  midway 
between  the  two. 

According  to  the  Thonind.  Zeitung*  some  recent  tests  of 
various  floor-materials  yielded  the  "  co-efficients  of  wear " 
given  in  the  next  table.  A  column  showing  the  relative 
value  of  the  different  materials  is  now  added. 


Table  XXV. — Relative  Resistance  to  Weak  of  Vaeious 
Floor-Mateeials. 


No. 

Material. 

Co-efficient 
of  Wear. 

Relative 
Value. 

1 

6'7 

100 

2 

71 

94-3 

3 

8-3 

80-7 

4 

White  Marble  

24-4 

27*5 

5 

White  Sandstone^  

72-7 

9-2 

6 

Parquetry  slabs  from  Gk  Behne  . 

15-3 

43-8 

7 

Plaster  composition  by  "  Eabitz 

"  patent 

49-2 

13-6 

8 

Portland  cement  and  normal  sand.  1  to  1 

15-3 

43-8 

9 

?)  n 

1 

11 

2 

17-1 

39-2 

10 

>5  11 

1 

11 

3 

32-4 

20-7 

11 

11  11 

1 

11 

4 

53-1 

12-6 

12 

11  11 

1 

11 

5 

1242 

5-5 

*  See  The  Builder  for  April  16,  1892. 

f  This  was  undoubtedly  a  very  weak  sandstone  ;  many  sandstones 
give  better  results  than  ordinary  granites.    See  p.  128. 
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This  table  goes  to  show  that  good  Portland-cement 
mortar  (1  to  2)  forms  a  better  floor-surface  than  some  kinds 
of  marble  and  sandstone,  and  is  about  equal  to  the  best 
parquetry.  We  do  not  know  the  age  of  the  cement-mortars, 
but  certainly  it  would  not  be  less  than  28  days,  and  it 
ought  in  fairness  to  have  been  considerably  more,  as  the 
adhesive  strength  of  cement  increases  largely  with  age. 
Another  important  point,  which  is  emphasised  by  these  re- 
sults, is  that  mortars  containing  2  parts  of  sand  to  1  of  cement 
are  only  slightly  inferior  to  those  containing  sand  and  cement 
in  equal  quantities,  but  beyond  the  proportion  of  2  to  1, 
sand  detracts  from  the  resistance  more  and  more  rapidly. 
Thus,  if  we  take  the  value  of  1  to  1  mortar  as  100,  1  to  2 
will  be  89*5,  but  1  to  3  will  have  only  about  one  half  the 
value  of  the  latter,  namely  47*2,  while  1  to  4  will  have  less 
than  one-third  (28*8),  and  1  to  5  less  than  one-seventh 
(12-3). 

These  results  are  in  accord  with  practice,  for  it  has  been 
empirically  ascertained  that  for  floor-surfaces  consisting  of 
Portland  cement  and  sand,  1  to  2  mortars  are  the  weakest 
that  can  be  satisfactorily  adopted.  When  cubes,  however, 
are  used  instead  of  sand,  the  joints  in  a  given  bulk  of 
aggregate  are  considerably  smaller  in  area,  and  consequently 
a  smaller  quantity  of  cement  may  be  added.  The  bulk  of 
the  cement  is  sometimes  therefore  only  one-third  or  even  one- 
fourth  that  of  the  cubes.  Safer  proportions,  however,  are 
1  to  1 1  for  good  coarse  sand,  and  1  to  2  for  good  cubes. 
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FLAT  CONCRETE  FLOORS  WITHOUT  IRON. 

"  Be  bold  ;  be  not  too  bold  " — Cheapness — Formulas  VIII.  to  XI T,— 
Example — Beam-constants  give  too  low  results  with  fixed  slabs 
— Safe-load  constants  deduced  from  actual  floors — Strength  yet 
incalculable — Actual  examples  of  floors,  &c.  (Table  XXVI.)— 
Col.  Seddon's  tests  of  supported  slabs  (Table  XXVII.)— Deduc- 
tions— Fixing  the  edges— Composition— Scaffolding — Removing 
the  scaffolding — Ceilings— Girders. 

"  Be  bold  ;  be  not  too  bold." — Much  has  been  written 
and  said  at  different  times  about  the  advantages  and  dis- 
advantages of  flat  concrete  floors  without  iron,  but  there  can 
be  no  doubt  that  architects  have  been  somewhat  chary  of 
adopting  them.  Here  and  there  an  architect,  bolder  than 
the  rest,  has  constructed  such  floors,  even  of  large  spans. 
One  by  Mr.  Frank  Caws  measures  no  less  than  26  ft.  6  in. 
by  19  ft.  6  in.  with  a  thickness  of  only  7  in.  (except  for  a 
width  of  9  in.  around  the  edges,  where  the  concrete  is 
thickened  out  into  a  cove).  But  examples  like  this  are  few 
and  far  between,  and  the  more  we  study  the  subject,  the 
more  shall  we  wonder  at  the  boldness  displayed  in  such 
construction. 

Concrete,  as  we  have  already  explained  in  the  beginning 
of  the  sixteenth  and  seventeenth  chapters,  is  not  a  suitable 
material  for  resisting  transverse  stress,  on  account  of  its 
exceedingly  small  tensile  strength,  and  the  reasons  there 
advanced  against  the  use  of  concrete  beams,  apply  with 
equal  cogency  to  the  subject  now  under  consideration. 

Cheapness. — The  cheapness  of  concrete  floors  without 
iron  is  the  argument  usually  adduced  in  their  favour,  and 
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when  the  cost  of  such  floors  is  compared  with  that  of  the 
ordinary  concrete  floors,  in  which  steel  or  iron  joists  of  uni- 
form section  and  strong  enough  in  themselves  to  carry  the 
whole  load,  are  imbedded,  there  is  undoubtedly  a  consider- 
able balance  in  favour  of  the  former.  But  this  is  not  a 
fair  comparison,  for  a  concrete  floor  containing  joists  as  just 
described,  is  an  unscientific  piece  of  work,  more  unscientific 
even  than  a  floor  of  concrete  only.  A  concrete  beam  or 
slab  lacks  tensile  strength  while  it  has  as  a  rule  quite 
enough  compressive  strength.  What  is  needed  then,  is  an 
addition  only  to  its  tenacity,  in  order  to  render  its  tensile 
and  compressive  resistances  equal  to  one  another.  The 
addition  of  iron  and  steel  in  the  upper  half  of  a  concrete 
floor  is,  in  ordinary  cases,  sheer  waste  of  material.  On  the 
other  hand,  iron  and  steel  in  the  lower  half  of  the  floor  in- 
crease its  strength  largely  with  the  least  amount  of  these 
materials,  and  the  cost  of  such  a  floor  will  compare  favour- 
ably with  a  solid  concrete  floor  of  similar  strength. 

As,  however,  such  slab  floors  are  sometimes  used  and  can 
safely  be  used  for  small  spans,  such  as  corridors,  it  is 
necessary  to  consider  their  strength. 

Formulas. — The  strength  of  a  square  plate,  fixed  at 
the  edges  and  uniformly  loaded,  may  be  calculated  from 
the  following  formula  based  on  one  of  Grashofs,  where 
w  =  breaking-weight  in  cwt.  per  square  foot,  L  =  length  of 
each  side  in  feet,  and  t  =  thickness  in  inches  : — 


This  formula  is  extremely  simple,  and  may  be  put  into  a 
still  simpler  form,  which  can  be  more  easily  remembered. 
Let  W  =  the  total  distributed  load ;  that  is  to  say, 
w  X  L2.    We  then  get : — 


w 


...  (VIII.). 


w  X  L2  =  4  C  '   x  L2, 


which  gives  us  the  simple  formula  : — 

W  =  4  Gt\ 
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In  other  words,  all  square  plates  or  slabs  of  whatever  size 
but  of  the  same  thickness,  fixed  at  the  edges  and  uniformly 
loaded,  will  carry  the  same  total  load. 

The  weight  of  the  slab  itself  is,  of  course,  part  of  the 
load,  and  consequently,  as  the  size  of  the  slab  is  increased, 
the  less  does  the  difference  between  its  weight  and  the 
breaking  weight  become,  until  ultimately  we  reach  that 
size  of  slab  the  weight  of  which  is  more  than  the  actual 
breaking  load.  In  such  a  case,  the  slab  will  collapse,  by 
its  own  weight,  as  soon  as  the  centres  are  removed. 

The  formula  for  supported  square  plates,  uniformly 
loaded,  may  be  taken  to  differ  from  formula  VIII.  in  the 
same  ratio  as  formula  XII.  differs  from  XL,  and  will  there- 
fore be  as  follows  : — 

W  =  L6  C  *  orW=       Cfi'   (IX.). 

The  strength  of  rectangular  plates,  fixed  at  the  edges 
and  uniformly  loaded,  may  be  calculated  from  the  following 
formula,  where  B  =  breadth  of  slab  in  feet : — 

--^j--;   «• 

Circular  plates,  of  radius  E.  (in  feet),  fixed  at  the  edges 
and  uniformly  loaded,  may  be  calculated  thus  : 

w  - 1 c  i   w- 

Circular  plates,  supported  at  the  edges  and  uniformly 
loaded,  require  the  formula  ' 

w  =  I c  5   <XIt>- 

That  is  to  say,  the  ratio  between  uniformly-loaded  circular 
plates  fixed,  and  similar  plates  supported,  appears  to  be  as 
100  is  to  80  ;  the  ratio  between  uniformly-loaded  beams, 
fixed  and  supported,  has  been  already  stated  to  be  as  100  is 
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to  66.  If  these  be  correct,  the  ratio  for  rectangular  plates 
may  be  expected  to  hover  between  them,  being  practically 
the  same  for  square  plates  as  for  circular  ones,  and  approxi- 
mating more  and  more  to  the  ratio  for  beams  as  the  slabs 
become  more  and  more  elongated. 

In  the  four  formulas  just  given,  the  length  and  breadth 
of  the  slab  are  stated  in  feet,  and  the  thickness  in  inches, 
for  convenience  of  calculation.  The  weight  is  stated  per 
square  foot,  and  this  adjusts  the  equation,  so  that  the  value 
of  C  should  be  the  same  both  for  beams  and  slabs. 
For  purposes  of  comparison  with  the  formulas  given  in 
Chap.  XVI.  for  beams,  it  would  have  been  better  to  have 
had  the  terms  the  same.  Such  comparison  can,  however, 
be  instituted  even  now  without  great  difficulty.  It  will 
be  found  that  uniformly-loaded  square  slabs,  fixed  on  all 
four  edges,  are  theoretically  twice  as  strong  as  similar  slabs 
fixed  on  only  two  opposite  edges,  and  three  times  as  strong 
as  similar  slabs  only  supported  on  two  opposite  edges. 

Example.  —  Find  the  uniformly  -  distributed  breaking 
weight  at  the  age  of  twenty-one  days,  of  a  concrete  floor 
having  a  clear  span  of  14  ft.  6  in.  by  13  ft.  6  in.,  and  a 
thickness  of  6  in.,  supported  around  the  edge;  the 
concrete  to  be  composed  of  1  part  Portland  cement  and  4 
parts  broken  brick. 

The  co-efficient  of  rupture  of  such  concrete  is  shown  by 
No.  6  in  Table  XXII.  (p.  190)  to  be  3*11  at  the  age  of 
forty-three  days.  The  strength  at  twenty-one  days  will  be 
about  four-fifths  of  that  at  forty-three  days,  i.e.,  about  2*5. 

The  slab  is  so  nearly  square  that  it  may  be  calculated  as 
a  slab  1 4  ft.  square,  and  we  may  proceed  by  the  help  of 
formula  IX.  : — 

from  which  we  calculate  that  w  =1*46  cwt.  Therefore 
W  (the  total  breaking  weight)  =  1*46  x  14*5  X  13*5  = 
285-8  cwt. 

If  the  weight  of  the  slab  itself,  which  will  be  about 
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105  cwt.  (calculated  at  120  lbs.  per  cub.  ft.),  be  deducted 
from  this,  we  find  that  the  added  load  required  to  break 
the  floor  will  be  about  180  cwt.  or  9  tons. 

A  floor  of  the  dimensions,  age,  and  composition  given  in 
this  example,  supported  at  the  edges,  was  actually  made 
and  broken  by  Col.  Seddon.  It  gave  way  under  a  dis- 
tributed load  of  10  J  tons.  This  is  rather  more  than  the 
breaking  weight  obtained  by  calculation.  But  we  must 
remember  that  great  care  was  taken  by  Col.  Seddon  in  the 
construction  of  the  floor ;  the  concrete  was  well  rammed, 
and  was  covered  with  water  for  seven  days  after  being 
deposited,  in  order  that  the  cement  might  not  fail  to 
harden  through  loss  of  moisture  by  absorption,  evaporation, 
&c.  We  are  not  told  that  these  precautions  were  taken  by 
Col.  Crozier  with  the  beam  from  which  our  constant  was 
calculated. 

Beam-Constants  give  Too  Low  results  with  Fixed 
Slabs. — The  values  of  C  found  for  different  kinds  of 
concrete  beams  (such  as  those  given  in  Table  XXII., 
pp.  190  —1),  are  usually  employed  in  the  five  formulas,  VIII. 
to  XII.  Professor  Unwin,  in  his  Elements  of  Machine 
Design,  declares  that  "  some  experiments  by  Mr.  R.  Wilson 
(Engineering,  vol.  xxiv.,  p.  239)  appear  to  shew  that  the 
ultimate  resistance  of  flat  plates  is  considerably  greater 
than  that  obtained  by  putting  C  =  the  breaking  stress  in 
the  above  formulae.  These  formulae  are  strictly  applicable 
within  the  elastic  limit  only,  and  Mr.  Wilson's  plates  may 
have  been  dangerously  strained  long  before  giving  way. 
They  did  take  a  large  set." 

The  safety  of  large  concrete  floors,  which  are  actually  in 
use,  also  points  to  the  conclusion  that  the  formulas  for 
slabs,  fixed  all  round,  declare  the  strength  of  such  slabs  to 
be  too  little.  There  is  little  doubt  that  a  concrete  slab 
fixed  all  round  really  becomes,  when  loaded,  a  kind  of  flat 
dome,  exerting  a  horizontal  thrust  against  its  supports 
or  abutments,  just  in  the  same  way  that  a  concrete 
beam  becomes  an  arch.* 

*  See  Mr.  C.  Colson's  tests,  pp.  195—7. 
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Safe-load  Constants  deduced  from  Actual  Floors. — 
As  an  instance  in  point,  we  may  adduce  the  floor  men- 
tioned by  Mr.  C.  Drake  at  a  meeting  of  the  Royal  Institute 
of  British  Architects  in  1876.*  This  floor  was  "nearly" 
20  ft.  by  15  ft.,  only  6  in.  thick,  was  (presumably)  fixed 
all  round,  and  carried  a  distributed  load  of  2  cwt.  per  sup. 
ft.  without  deflection.  Assuming  the  floor  to  be  20  x  15, 
it  gives,  according  to  formula  X.,  a  safe-load  constant  of 
4*74  if  the  weight  of  the  concrete  itself  be  taken  as  part  of 
the  load,  and  of  no  less  than  5*92  if  the  load  of  2  cwt.  per 
sup.  ft.  be,  as  is  probably  the  case,  in  addition  to  the 
weight  of  the  concrete. 

Mr.  Drake  did  not  state  the  composition  of  the  concrete, 
but,  allowing  a  moderate  factor  of  safety,  the  constant 
would  really  be  greater  than  either  of  the  constants  for 
neat  cement  given  in  Table  XL,  p.  72.  Comparison  with 
the  breaking-load  constants  in  Table  XXII.  shews  that 
these,  with  one  exception,  are  inferior  to  the  safe-load 
constant  deduced  from  Mr.  Drake's  floor.  It  is,  of  course, 
possible  that  Mr.  Drake  was  speaking  quite  generally  as  to 
the  load  on  the  floor,  and  that  it  might  not  reach  2  cwt. 
per  sq.  ft.,  but  this  cannot  account  for  the  whole  of  the 
discrepancy,  for  the  mere  dead  weight  of  the  floor  itself 
(calculated  at  only  112  lbs.  per  cub.  ft.)  would,  according 
to  the  formula,  give  a  safe-load  constant  of  1*18. 

Some  concrete  floors  in  a  warehouse  designed  by 
Mr.  Frank  Caws,  measure  21  ft.  by  12  ft.  6  in.,  by  about 
13  in.  thick,  and  six  years  after  they  were  built,  Mr.  Caws 
found  "  considerable  areas  loaded  with  four  and  five  cwt. 
per  sq.  ft."  A  load  of  5  cwt.  (including  the  weight  of  the 
concrete),  gives  a  safe-load  constant  of  2*05,  if  calculated 
according  to  formula  X. 

Another  floor,  constructed  under  the  direction  of 
Mr.  Caws,  measures  26  ft.  6  in.  by  19  ft.  6  in.,  and  only 
7  in.  thick.  For  a  width  of  9  in.  around  the  edges,  the 
concrete  is  formed  in  the  shape  of  a  cove  or  continuous 


*  See  B  T.  B.  A.  Transactions,  1876, 
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corbel ;  if  we  make  full  allowance  for  this,  the  net  size  of 
the  slab  will  be  25  ft.  by  18  ft.  The  actual  weight  of  the 
floor  itself,  assuming  the  concrete  to  weigh  120  lbs.  per 
cub.  ft.,  is  -§  cwt.  per  sq.  ft.,  which  gives  a  safe-load 
constant  of  no  less  than  1*63  for  the  dead  weight  alone  If 
we  say  that,  in  addition  to  this,  the  floor  was  loaded  with 
only  70  lbs.  per  sq.  ft.,  we  get  a  safe-load  constant  of  3 '2  6, 
which  is  rather  more  than  the  breaking-load  constant 
deduced  from  a  supported  beam  of  similar  composition, 
namely  1  part  Portland  cement,  and  4  parts  broken  brick. 

The  dead  weight  alone  of  an  ancient  concrete  floor  in  the  - 
Atrium  Vestae  at  Rome  gives  a  safe-load  constant  of  "7, 
which  is  undoubtedly  large  considering  the  kind  of  cemen- 
titious  materials  to  which  the  Romans  were  confined.  The 
floor  measures  20  ft.  by  20  ft.  by  14  in.,  and  the  concrete 
has  been  assumed  to  weigh  132  lbs.  per  cub.  ft. 

Sufficient  has  been  said  to  shew  that,  while  the 
formulas  just  given  for  fixed  slab  floors  may  not  be  wrong 
in  ratio  (i.e.,  for  fixed  slabs  of  different  sizes),  they  at  any 
rate  give  too  low  a  strength  if  the  constants  obtained 
from  supported  beams  be  used  with  them.  Higher 
constants  may  with  safety  be  adopted. 

The  reason  for  this  is  not  far  to  seek.  The  formulas 
were  originally  devised  for  calculating  the  strength  of 
wrought-iron  plates,  which  are  practically  as  strong  to 
resist  tension  as  compression.  It  is  probable  that  they 
would  give  approximately  accurate  results  with  all 
materials  thus  balanced ;  for  example,  the  constants, 
deduced  from  the  breaking  of  concrete  beams  containing 
sufficient  iron  in  the  lower  half  to  render  the  tensile  and 
compressive  resistances  of  the  beams  practically  equal, 
could  probably  be  used  in  the  formulas  for  fixed  slabs  with 
a  near  approximation  to  correctness.  But  it  is  evident  that 
the  formulas  cannot  be  used  with  beam-constants  for  fixed 
slabs  composed  of  a  material  like  concrete,  which  has  a 
compressive  resistance  about  ten  times  its  tenacity. 

Strength  yet  Incalculable. — Unfortunately  no  experi- 
ments have  been  made  with  concrete  slabs,  fixed  on  all 
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sides,  and  therefore  there  are  no  data  available  from  which 
a  table  of  constants  for  fixed  slabs  can  be  deduced.  Under 
these  circumstances,  it  is  necessary  to  consider  actual 
floors,  and  from  them  to  deduce  approximate  safe-load 
constants  in  the  way  already  indicated,  or  to  use  existing 
floors  as  a  basis  from  which  the  safe  dimensions  of 
suggested  structures  can  be  empirically  ascertained.  The 
latter  is  the  rough-and-ready  method,  the  former  is  the 
safer,  but  by  neither  method  nor  by  any  formula  yet 
published  can  the  strength  of  a  concrete  floor  be  accurately 
predicated.  There  are  too  many  unknown  or  doubtful 
quantities,  such  as  the  indurating  quality  of  the  pement, 
the  nature  of  the  aggregate,  the  completeness  of  mixture, 
and,  last  but  not  least,  the  nature  of  the  strains  set  up  in 
the  slab. 

Actual  Examples  of  Floors,  &c.  —  A  few  actual 
examples,  collected  from  accredited  sources,  will  therefore 
prove  useful.  The  following  table  contains  examples,  not 
only  of  flat  slab-floors,  but  also  of  floors  and  roofs  with 
arched  soffits,  and  of  balconies,  the  whole  being  given 
together  for  convenience  of  comparison  and  reference.  The 
balcony  No.  1 6,  at  the  age  of  eighteen  months,  was  loaded 
with  177  lbs.  per  sq.  ft.,  and  bore  it  safely;  this  test  gives 
a  safe-load  constant  of  1  "5,  calculated  according  to  formula 
VII. ,  as  a  beam  11  in.  thick,  and  this,  considering  the  age, 
is  what  might  have  been  expected  from  a  comparison  with 
No.  6,  Table  XXII. 

Practice  appears  to  prove  that  theory  gives  wrong  results 
when  applied  to  fixed  slabs,  and  therefore  theory  must  not 
be  relied  upon.  But  experiments  by  Col.  Seddon  induce 
the  belief  that  the  formulas  and  beam-constants  may  be 
used  in  making  calculations  for  floors  which  are  merely 
supported  at  the  edges. 

Col.  Seddon's  Tests  of  Supported  Slabs. — These  ex- 
periments, which  are  the  only  ones  worthy  of  the  name 
wrhich  have  been  carried  out  on  concrete  slabs,  were  made 
by  Col.  Seddon  in  1874,  and  are  given  in  Appendix  I.  of 
his   "Builder's  Work  and  the  Building  Trades"  (1886 
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edition).  Other  experiments  have  been  made,  but  some  of 
them  have  been  of  no  benefit  to  the  public,  as  the 
published  results  are  lacking  in  some  important  particular, 
either  the  thickness  or  composition  of  the  concrete  is 
omitted,  or  the  position  of  the  load  is  not  defined,  or  it  is 
not  stated  whether  the  slabs  were  fixed  or  only  supported. 

The  following  table  gives  the  results  obtained  by  Col. 
Seddon  on  slabs,  supported  all  round,  and  uniformly  loaded 
wdth  layers  of  bricks.  In  calculating  the  value  of  C,  it  is 
assumed  (see  Formula  X.,  et  seq.,  p.  255)  that  the  strength 
of  slab  No.  4,  which  is  nearly  square,  is  20  per  cent,  less 
than  if  the  edges  had  been  fixed,  and  that  of  the  remaining 
slabs  25  per  cent.  less. 


Table  XXVII.— Col.  Seddon's  Tests  of  Concrete  Slabs, 
Supported  at  Edges. 


Number. 

Portland  ^ 
Cement,  o 

npos 

•d 
c 

02 

1-in.  a 
crushed  § 
brick.     1  * 

Length 
between 
supports. 

Breadth  be- 
tween sup- 
ports. 

Thickness. 

Age  in  days. 

Breaking 
weight, 
per  sq.  ft. 

Weight  of  slab, 
per  sq.  ft. 

Total  breaking 
weight, 
per  sq.  ft. 

Calculated 
value  of  C. 

ft. 

ft. 

in. 

cwt. 

cwt. 

cwt. 

1 

1 

0 

4 

14-5 

6-75 

6 

3 

•54 

3*54 

2-85 

2 

1 

0 

4 

>  > 

11 

14 

2-76 

»> 

3-30 

2-66 

3 

1 

0 

4 

j> 

21 

8*88* 

11 

9-42 

7'58* 

4 

1 

0 

4 

u 

13-5 

»» 

1-07 

j> 

1-61 

2-90 

5 

1 

•75 

3 

11 

6-75 

14 

2-51 

>> 

3*05 

2'45 

6 

1 

•75 

3 

M 

11 

21 

2'84 

>> 

3-38 

2-72 

The  brick  was  broken  to  pass  a  one-inch  mesh.  The 
concrete  was  well  rammed  and  covered  with  water  for 
seven  days.  In  the  last  two  examples,  only  three  volumes 
of  brick  were  used,  but  three-fourths  of  a  volume  of  sand 
were  added.  The  concrete  was  therefore  slightly  richer 
than  in  the  first  four  cases,  but  the  result  was  not  satis- 

*  This  cracked  under  a  load  of  6 J  cwt.  per  sq.  ft.,  but  did  not  break 
under  the  load  of  8*88  cwt.  per  sq.  ft.,  which  was  the  greatest  load 
available  for  putting  upon  the  slab.  Evidently  the  slab  was  near  its 
breaking-point ;  its  strength  is  strangely  abnormal.  Perhaps  the 
bricks,  which  must  have  been  piled  to  the  height  of  7  ft.  or  8  ft.,  were 
aid  to  break  joint,  and  formed  a  flat  arch  or  dome,  which,  to  some 
extent,  relieved  the  pressure  upon  the  central  portion  of  the  slab. 
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factory,  and  Col.  Seddon  concludes  that  the  addition  of 
sand  is  injurious  to  the  strength  of  concrete. 

If  we  take  into  consideration  the  relative  ages,  we  find 
that  the  constants  deduced  from  the  foregoing  experiments 
are,  with  the  exception  of  No.  3,  remarkably  near  the  one 
calculated  from  a  beam  of  the  same  composition  (No  6 
Table  XXII,  p.  190).  V 

Mr.  Frank  Caws  has  advocated  the  use  of  flat  concrete 
floors  with  a  little  cove  all  around  at  their  bearing  on  the 
walls,  as  shewn  in  Fig.  29  ;  this  gives  a  slightly  domical 
form  to  the  floor,  and  increases  the  strength,  although  to 
what  extent  is  not  known. 

Deductions.— The  practical  lessons  to  be  learned  from 
these  investigations  are  that  concrete  may  be  used  in  the 
form  of  slabs  for  floors  of  moderate  span,  but  that  such 
floors  are  liable  to  give  way  suddenly  when  overloaded,  or 
when  overheated  and  suddenly  cooled ;  further,  that  the 
strength  of  such  floors  cannot  be  foretold  with  any  degree 
of  accuracy  on  account  of  the  great  diversity  of  the 
material,  and  the  lack  of  sufficient  data  for  calculations. 
They  are,  however,  economical,  and  there  is  no  reason  why 
they  should  not  be  used  in  houses  and  other  buildings 
where  they  will  not  be  subjected  to  intense  heat  or  heavy 
impingent  loads,  up  to  spans  of  10,  12,  or  even  (with  care) 
14  feet.    Large  floors  can  be  divided  into  bays  of  7  or  8  ft. 
by  means  of  steel  or  iron  girders,  on  which  the  concrete 
slabs  may  rest.    Lastly,  great  care  must  be  taken  that  all 
the  edges  of  the  floors  are  securely  fixed,  in  order  that  the 
strength  of  the  slabs  may  reach  the  highest  possible  limit, 
although  this  highest  limit  cannot  be  accurately  ascer- 
tained. 

Fixing  the  Edges.— Wherever  practicable,  solid  concrete 
floors  should  be  laid  when  the  walls  are  at  the  height  to 
receive  them,  and  the  walls  should  then  be  built  upon  the 
concrete. 

In  many  cases,  however,  it  will  need  considerable  insis- 
tence on  the  part  of  an  architect  before  he  can  induce  a 
contractor  to  adopt  this  course,  and  frequently  it  will 
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happen  that  some  other  method  must  be  tried.  The  best 
method  perhaps  is  to  form  a  continuous  corbel  and  chase 
in  the  brickwork  as  shewn  in  Fig.  29.  The  brick  corbel- 
courses  could  be  moulded  if  required,  or  could  be  covered 
with  a  plaster  cornice,  or  in  some  other  way.  This  method 
has  the  advantage  of  lessening,  in  a  slight  degree,  the  span 
of  the  floor. 

Where  a  corbel-course  is  not  desirable,  a  chase  can  be 
formed  in  the  wall,  if  its  thickness  will  permit.  A  depth 
of  4^  in.  from  the  face  will  be  found  sufficient,  and  the 
chase  can  be  filled  during  the  erection  of  the  wall  by  bricks 


Fig.  29. — Corbel-Course  and  Chase  for  Edge  of  Concrete  Floor. 

laid  in  dry  sand,  having  headers  however  laid  in  mortar 
every  5  or  6  ft.  The  bricks  in  the  chase  can  be  knocked 
out  little  by  little,  as  the  concrete  floor  is  being  deposited. 
This  method  has  been  adopted  »by  Mr.  Caws,  but  he  does 
not  like  it,  although  he  has  not  'known  any  mischief  to 
arise  from  it ;  great  care  is  required. 

Still  another  way  would  be  to  insert  in  the  wall  a 
channel  iron  of  suitable  size.  As  this  would  be  entirely 
surrounded  with  fire-resisting  materials,  there  would  not  be 
much  danger  of  damage  being  done  to  it  by  an  ordinary 
conflagration.  Especial  care  should  be  taken  to  ram  the 
concrete  into  the  chases,  so  as  to  fill  them  completely. 
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Composition. — Sufficient  has  perhaps  been  said  in  pre- 
vious chapters  to  enable  the  reader  to  decide  on  the  compo- 
sition of  concrete  for  floors.  Lightness  and  strength  are 
the  points  to  be  chiefly  considered.  Fire-resistance  is  also 
important.  Lightness  depends  mainly  on  the  aggregate, 
and  therefore  coke-breeze  is  frequently  used.  Coke-breeze, 
furnace-clinker,  and  broken  brick  or  pottery,  are  the 
aggregates  most  frequently  adopted  for  floors.  They 
should,  as  a  rule,  be  broken  to  pass  an  inch  mesh.  Gravel 
and  broken  stone  are  unsuitable.  The  less  sand  that  is 
used  the  better.  Portland  cement  is  the  strongest  matrix, 
but  plaster  of  Paris  and  allied  cements,  which  are  lighter 
and  at  the  same  time  weaker,  may  be  used. 

The  proportion  of  cement  to  aggregate  should  not  be  less 
than  one  volume  to  four  or  five.  It  is  better  to  use  a  rich 
concrete  and  a  thinner  floor,  than  a  poorer  concrete  and 
thicker  floor.  A  rich  concrete  is  likely  to  be  of  more 
uniform  strength  than  a  poor  one,  as  there  is  great  diffi- 
culty in  mixing  the  latter  so  thoroughly  as  to  have  every 
particle  of  aggregate  coated  with  cement,  the  result  being 
that  dry  joints  occur  here  and  there. 

Scaffolding. — Concrete  floors  are  usually  deposited  on 
wooden  scaffolding.    Where  large  girders  cross  the  floor  at 
intervals,  longitudinal  bearers  with  wedges  under  are  laid 
along  the  lower  flanges,  and  joists  are  laid  between  them  at 
the  proper  level  and  covered  with  close-jointed  boards. 
Sometimes  the  bearers  are  supported  in  putlog  holes  in  the 
walls,  or  are  carried  by  uprights  resting  on  the  floor  below. 
In  any  case,  great  care  must  be  taken  that  the  scaffolding 
is  stiff  enough  to  carry  the  wet  concrete  without  the 
slightest  appreciable  deflection.    The  scaffolding  should  be 
higher  at  the  centre  of  the  span  rather  than  lower,  in  order 
that  the  arched  or  domical  strength  of  the  floor  may  not  be 
lost  by  the  sagging  of  the  woodwork.    It  is  a  great  advan- 
tage for  the  scaffolding  to  be  supported  on  wedges,  like  the 
centring  of  an  arch,  so  that  the  strain  can  be  thrown 
gradually  upon  the  floor,  when  the  scaffolding  is  "  struck." 
Removing  the  Scaffolding. — The  question  of  the  age 
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at  which  scaffolding  may  be  struck  is  often  raised.  One 
writer  gravely  remarks  that,  as  a  concrete  slab  12  in.  wide, 
6  in.  thick,  and  13  ft.  span  will  carry  8*3  cwt.  at  the  end 
of  a  week,  and  as  the  weight  of  the  slab  will  be  only  7*8 
cwt.  between  the  supports,  "  it  follows  that  the  supporting 
staging  may  be  struck  with  safety  at  the  end  of  a  week." 
Probably  he  would  never  repeat  the  statement  if  he  stood 
under  such  a  slab  on  the  eighth  day,  while  the  centres  were 
being  removed.  A  mere  difference  of  half-a-cwt.  between 
strength  and  dead-load  is  not  enough  for  a  slab  containing 
13  sq.  ft. ;  it  allows  a  margin  of  only  8^  lbs.  per  sq.  ft. 
Verily,  "  even  that  which  they  build,  if  a  fox  go  up,  he 
shall  even  break  down." 

The  irreducible  minimum  for  slab  floors  of  Portland 
cement  concrete  ought  to  be  fixed  at  21  days,  but  this  is 
really  too  little,  and  the  longest  time  which  can  possibly 
be  allowed,  ought  always  to  be  given.  Some  architects 
specify  that  the  centres  shall  not  be  struck  in  less  than  a 
month,  others  insist  on  five  weeks,  but  in  all  cases  even 
longer  time  may  elapse  with  advantage.  This  is  an 
important  point,  as  several  floors  have  been  strained  and 
have  collapsed  on  account  of  the  scaffolding  being  removed 
too  soon. 

With  plaster  of  Paris  and  allied  cements,  the  centres  are 
often  removed  in  three  or  four  days,  but  a  week  ought 
really  to  be  allowed,  and  longer  whenever  practicable. 

Ceilings. — The  ceilings  of  concrete  floors  are  sometimes 
formed  by  a  thin  skimming  coat  of  ordinary  "  fine  stuff"  or 
"gauged  stuff"  only,  but  this  is  liable  to  fall  off  if  the 
floor  is  subjected  to  moving  loads,  as  the  concrete  affords 
little  key  for  it.  It  is  best  to  employ  a  skimming  coat  of 
the  same  material  as  the  matrix  in  the  concrete,  whether  it 
be  Portland  cement,  or  plaster  of  Paris,  or  any  other 
cement.  Sometimes  dovetail  blocks  or  fillets  are  inserted 
as  described  for  floors,  and  wood  or  wire  or  "  expanded 
metal  "  lathing  is  secured  to  them,  on  which  the  plastering 
can  be  executed ;  this  makes  good  work,  not  liable  to  crack 
or  fall,  but  the  blocks  are  a  source  of  weakness.  Fibrous 
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plaster  slabs  are  well  adapted  for  fixing  under  concrete 
floors,  especially  when  coke-breeze  is  the  aggregate  em- 
ployed, as  in  this  case  the  slabs  can  be  nailed  directly  to  the 
concrete. 

An  excellent  method  of  forming  concrete  floors  which 
shall  have  the  lower  surface  perfectly  smooth,  is  that  intro- 
duced by  Mr.  Frank  Caws.  When  the  wood  staging  under 
the  proposed  floor  is  in  position,  it  must  be  covered  with  a 
"  thin  skin  of  plaster  of  Paris  floated  up  perfectly  level  and 
fair.  Upon  this  ....  a  grout  of  pure  cement  and  water 
is  thinly  spread,  and  upon  this  grout  the  concrete  proper  is 
cast,  and  beaten  down  in  the  usual  manner.  The  skin  of 
plaster  of  Paris  is  perfectly  watertight.  Not  a  drop  passes 
through  it,  and  thus  the  concrete  sets  more  slowly,  and  to 
better  purpose ;  and  when  the  centring  is  eventually 
removed,  the  plaster  comes  away  with  it,  and  leaves  the 
concrete  solid  ceiling  smooth  and  fair,  without  a  blemish  or 
defect."* 

Floors  of  considerable  length  are  sometimes  constructed 
with  iron  or  steel  girders  about  10  ft.  apart,  over  which  a 
concrete  slab  is  formed  somewhat  after  the  manner  illus- 
trated in  Fig.  33.  The  girders  should  be  protected  from 
fire  as  shewn  in  that  figure  or  in  fig.  44.  When,  however, 
girders  occur,  it  will  usually  be  best  to  take  advantage  of 
the  extra  depth  of  the  floor  and  to  throw  the  concrete  into 
an  arched  form,  which  gives  greater  strength  for  the  same 
quantity  of  material. 


*  The  Builder,  July  27,  1889. 
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FLAT  COMPOUND  FLOORS  OF  CONCRETE  AND  IRON,  &C. 

Variety  of  floors — Development — Systems:  1.  "Fox  and  Barrett" 
and  modification  of  same,  2.  Phillips's  or  Measures's,  3.  Daw- 
nay's,  4.  Allen's,  5.  Hyatt's  "  Gridiron-Tie  "  floor  and  Simmons's 
adaptations  of  the  same  (inequality  of  strength,  transversely  and 
longitudinally),  6.  Floors  with  J_-iron  ties,  7.  Ward's  steel- 
webbed  floor,  8.  "  Monier,"  9.  Lindsay's  trussed  rod  floor  (advan- 
tages of  network  of  iron),  10.  Homan  and  Rodgers's,  11.  More- 
land's,  12.  Brownlie  and  Murray's  girder  and  floor,  13.  Lindsay's 
steel  trough  floor,  14.  Moreland's  ditto,  15.  Lindsay's  concrete- 
slab  floor,  16.  Fawcett's  fire-proof  flooring  (Table  XXVIII.),  17 
&  18,  Homan  and  Rodgers's  "Flat-brick"  and  tubular-lintel 
floors,  19.  Willis  and  Astley's,  20.  Corrugated  iron  centring — 
Girders — Columns. 

Variety  of  Floors. — The  number  of  the  different  kinds 
of  fire-resisting  floors  in  which  concrete  is  employed,  is 
legion,  and  it  will  certainly  not  be  advisable  for  us  in  a 
work  of  this  kind  to  enter  closely  into  the  details  of  the 
wood,  iron,  steel,  terra-cotta,  fire-clay,  and  other  materials, 
which  are  in  various  ways  combined  with  concrete  to  form 
fire-resisting  floors.  Something,  however,  must  be  said  to 
show  the  principal  systems,  which  have  been,  or  still  are, 
in  use. 

Development. — From  the  days  when  pugging  between 
wood  joists  was  the  only  fire-resisting  floor  in  general  use, 
vast  strides  have  been  made.  The  first  step  was  taken  at 
the  beginning  of  the  century,  and  consisted  in  the  adoption 
of  brick  arches  between  cast-iron  girders.  These  were 
superseded  by  rolled  girders  and  brick  arches.  Sir  William 
Fairbairn  followed  with  rolled  iron  girders  about  10  ft. 
apart,  between  which  plate  iron,  \  in.  thick,  was  riveted 
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in  an  arched  form;  upon  this  arch,  which  was  apparently 
intended  to  carry  all  the  load  on  the  floor,  concrete  was 
laid  and  finished  with  flags,  cement,  &c.  The  cost  of  the 
iron  caused  the  floor  to  be  very  expensive. 

The  next  step  in  this  direction  was  the  substitution,  by 
Moreland,  of  corrugated  iron  for  plain  plates.  The  iron 
was,  however,  still  regarded  as  fire-proof,  and  therefore  as 
needing  no  protection.  The  underside  of  the  corrugated 
iron  arch  and  the  bottom  flanges  of  the  girders  were 
exposed,  and  it  was  not  until  attempts  were  made  to 
protect  the  iron,  that  the  modern  systems  of  fire-resisting 
floors  could  be  said  to  have  begun. 

1.  "Fox  and  Barrett"  Floor. — But  contemporaneously 
with  these  developments  of  the  arched  floor,  was  the  progress 
of  the  flat  system.  The  first  flat  fire-resisting  floor  of 
concrete  and  iron  appears  to  be  that  originally  introduced 
about  1830  but  afterwards  improved,  and  known  as  the 
"  Fox  and  Barrett  "  floor.  It  consisted  of  rolled  iron  joists, 
about  20  in.  apart,  with  main  girders  in  addition  for  large 
spans.  Between  the  joists,  wood  fillets  about  \\  in. 
square,  and  \\  in.  apart  were  laid,  and  upon  these  the 
concrete  was  deposited.  The  ceiling  was  plastered  in  the 
usual  way,  the  plaster  extending  under  the  iron  joists. 
This  marked  an  important  step — the  protection  of  the  iron, 
— although  it  must  be  confessed  that  the  protection  was 
very  limited. 

First  use  of  Fire-clay  Lintels. — A  modification  of  this 
system  was  adopted  at  the  Liverpool  Exchange  about  40 
years  ago.  Instead  of  the  wood  fillets,  hollow  triangular 
tiles,  or,  as  they  would  be  called  to-day,  "  fire-clay  lintels," 
were  used.  This  seems  to  be  the  germ  from  which  several 
of  the  most  successful  modern  systems  have  sprung.  The 
difference  between  the  germ  and  the  offspring  is  that  in  the 
former  the  lintels  rested  on  the  bottom  flanges  of  the  iron, 
leaving  the  underside  of  the  iron  unprotected,  while  in  the 
latter  the  ends  of  the  lintels  are  grooved  and  the  flanges  of 
the  joists  fit  into  the  grooves  and  are  consequently  protected 
underneath  by  the  projecting  lips  of  the  lintels. 
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2.  Phillips's  or  Measures' s  Floor. —  In  1862,  a 
further  modification  of  the  "  Fox  and  Barrett "  system, 
known  as  "Phillips's  Patent  Fireproof  Floor,"  was  intro- 
duced by  Measures  Bros.,  and  met  with  great  success.  The 
rolled  iron  joists  were  spaced  further  apart  (about  3  or  4  ft.), 
and  JL-iron  supports  about  9"  apart  were  laid  between  them, 
in  place  of  the  wood  fillets  in  the  preceding  system.  More 
recently  light  rolled  iron  joists  have  been  used  instead  of 
the  J_-irons,  but  without  much  reason,  we  think.  Measures's 
system  still  left  the  lower  flanges  of  the  joists  unprotected, 
but  in  more  recent  years  this  defect  has  been  modified  by 
keeping  the  temporary  wood  staging  under  the  floor  about 
an  inch  below  the  joists,  so  that  the  concrete  will  pass 
under  them. 

3.  Dawnay's  Floor. — Apparently  this  device  of  protect- 
ing the  iron  joists  by  the  concrete  was  originated  by 
Archibald  Dawnay,  whose  floors  have  been  extensively  used 
during  the  last  35  years  or  more.  Like  the  foregoing  flat 
floors,  rolled  iron  joists  about  5  in.  deep  are  used,  but  at 
distances  up  to  about  7  ft.  For  small  bays  |  in.  square 
iron  bars  1 2  in.  apart  are  laid  from  joist  to  joist,  and  for  larger 
bays  iron  joists  3  in.  deep  and  18  in.  apart  are  used.  The 
iron  is  protected  underneath  by  at  least  1J  in.  of  con- 
crete. The  latter  consists  of  Portland  cement  and  brick 
(preferably  fire-brick).  It  is  said  that  a  floor  weighing  40  lbs. 
per  sq.  ft.  will  carry  a  safe  load  of  2  cwt.  per  sq.  ft.  over  a 
span  of  12  ft. 

4.  Allen's  Floor. — In  1862  Allen  patented  his  combina- 
tion of  iron  and  concrete  for  use  in  floors,  lintels,  &c.  This 
system,  which  by  the  way  is  very  similar  to  a  French 
system  introduced  about  the  same  time,  is  extremely  in- 
teresting, as  it  only  just  misses  being  theoretically  more 
perfect  than  most  others,  which  have  been  devised  either 
before  or  since  that  date.  Wrought  iron  bars  about  3  in. 
by  1  in.  are  placed  on  edge  about  2  ft.  apart,  the  ends 
being  built  into  the  walls  ;  across  the  bars  \  in.  iron  rods  are 
laid,  likewise  2  ft.  apart,  and  secured  to  the  bars  with  wire. 
Concrete  is  then  deposited  around  the  bars,  but,  it  is  said, 
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to  the  depth  of  only  4  in.  Such  a  thickness  is  not  enough 
to  protect  the  iron  properly,  and,  as  in  most  other  systems, 
the  compressive  strength  of  the  concrete  is  not  taken  full 
advantage  of,  for  the  iron  in  the  upper  half  of  the  floor  is 
practically  the  same  as  that  in  the  lower.  The  same  net- 
work of  iron  used  with  concrete  6  or  7  in.  thick  (exclusive 
of  any  concrete  protecting  the  iron  underneath)  would  be 
theoretically,  strength  for  strength,  more  economical,  as  the 
iron  could  give  tenacity  to  the  structure  without  adding 
needlessly  to  its  compressive  resistance.  In  the  adaptation 
of  his  system  to  lintels,  Allen  has  borne  this  point  in 
mind,  and  has  kept  the  iron  to  the  lower  half  only. 

Allen's  concrete  consisted  of  Portland  cement  mixed  with 
four  or  more  volumes  of  crushed  slag,  clinker,  or  coke. 


5.  Hyatt's  "  Gridiron-Tie  "  Floor. — The  development  of 
concrete  floors  containing  iron  in  the  lower  half  only,  is  un- 
doubtedly largely  due  to  the  experiments  of  Mr.  Thaddeus 
Hyatt,  some  of  which  we  have  already  quoted.  These  were 
carried  out  in  1877,  and  have  proved  of  great  value. 
Several  combinations  of  iron  and  concrete  have  been  designed 
by  Mr.  Hyatt,  but  the  one  illustrated  in  Fig.  30  is  among 
the  simplest  and  most  economical.  It  consists  of  iron  bars 
placed  on  edge  a  few  inches  apart,  having  round  iron  rods 
threaded  through  them  at  the  same  distances.  The  size 
and  distance  of  the  bars  and  rods  vary  according  to  the  span. 
So  far  Mr.  Hyatt's  system  differs  little  from  Allen's.  The 
chief  differences,  however,  are  in  the  relative  positions  of 
the  iron  and  concrete.  Mr.  Hyatt  insists  on  the  iron  being 
protected  underneath  by  about  2  in.  of  concrete,  and  makes 
the  upper  part  of  the  floor  entirely  of  concrete,  thus  trust- 
ing it  to  bear  its  share  of  the  burden. 


Fig.  30.— Hyatt's  "  Gridiron  Tie  "  Floor. 
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The  results  of  the  tests  of  compound  beams  given  in 
Table  XXIII. ,  p.  210,  proved  conclusively  that  the  use  of 
iron  ties  in  concrete  beams  was  not  a  mere  theoretical  fancy, 
but  was  of  practical  value.  And  it  has  been  proved  that 
floors  can  be  safely  and  economically  constructed  on  the 
same  principle. 

Mr.  William  Simmons  in  The  Builder  for  Dec.  6,  1888, 
describes  floors,  which  he  has  constructed,  similar  to  Mr. 
Hyatt's  "  Gridiron-Tie  Construction "  which  we  have  just 
illustrated.  For  a  floor  19  ft.  by  15  ft.  he  used  4  in.  by 
\  in.  wrought  iron  bars  placed  on  edge  2  ft.  apart,  with 
\  in.  round  rods  passing  through  holes  in  the  bars  also  2  ft. 
apart ;  between  each  pair  of  bars  a  \  in.  square  rod  was 
laid  on  the  round  rods.  Coke-breeze  concrete  7  in.  thick 
was  well  rammed  around  and  above  the  iron  grid,  and  was 
finished  with  an  inch  surface  coat  of  granite-grit  and 
cement. 

Another  floor,  however,  more  fully  exemplifies  the  iron-tie 
construction.  This  was  a  floor  over  a  stable  20  ft.  by  60  ft. 
The  iron  bars  were  \  in.  thick  and  orily  2^-  in.  deep,  but 
they  were  placed  no  more  than  9  in.  apart.  Half-inch  rods 
were  used  at  the  ends  only  of  the  bars,  where  they  rested 
in  the  walls.  The  total  depth  of  the  concrete  in  this  floor 
was  no  less  than  12  in. 

Mr.  Simmons  says  that  the  floors  were  put  in  as  the  walls 
arrived  at  the  levels  to  receive  them.  This  insures  the 
proper  fixing  of  the  edges  of  the  concrete. 

Inequality  of  Strength,  Transversely  and  Longi- 
tudinally.— One  disadvantage  appertaining  to  most  floors  of 
this  type  is  that  the  iron  is  much  stronger  in  one  direction 
than  the  other.  Thus,  in  Mr.  Simmons's  first  floor,  the 
4  in.  x  \  in.  bars  have  a  sectional  area  (deducting  \  in.  for 
the  holes)  of  f  sq.  in.  in  each  2  lin.  ft.  of  floor-breadth, 
while  the  \  in.  rods  have  an  area  of  only  \  sq.  in.  in  each 
2  lin.  ft.  of  floor-length.  This  does  not  matter  as  long  as 
the  floor  is  supported  or  fixed  on  two  opposite  sides  only, 
and  the  stronger  bars  run  from  support  to  support.  But 
when  the  floors  are  attached  on  all  four  sides,  the  result  is  that 
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the  floor  is  weaker  in  one  direction  than  the  other,  and  the 
advantage,  which  ought  to  accrue  from  fixing  all  the  edges 
instead  of  two  only,  is  reduced  almost  to  zero. 

In  order  to  equalise  the  strength  in  both  directions,  five- 
eighth  inch  round  rods  8  in.  apart  might  be  used  with  the 
4  in.  X  \  in.  bars  2  ft.  apart. 

The  end  bars  should  lie  entirely  within  the  thickness  of 
the  wall,  and  the  ends  of  the  rods  should  be  threaded 
through  them  and  bent  so  as  not  to  be  drawn  out  by  the 
strain  to  which  they  may  be  subjected. 

Interlacing  Rods. — The  expense  of  boring  or  punching 
holes  through  the  bars,  and  the  consequent  weakening  of 
the  bars,  may  be  avoided  by  passing  alternate  rods  alter- 
nately over  and  under  them  instead  of  through  them ;  thus, 

Fig-.  31. — Floor  with  ±-iron  ties. 

the  first  rod  might  pass  over  the  second  bar  and  under  the 
third,  and  so  on,  while  the  second  rod  would  pass  under  the 
second  bar  and  over  the  third.  The  rods  are  sometimes 
arranged  in  pairs. 

The  latter  method  is  adopted  in  some  of  W.  H.  Lindsay, 
Neal,  &  Co.'s  floors,  as  shown  in  Figs.  34  and  45. 

6.  Floors  with  jL-iron  Ties. — Instead  of  simple  upright 
bars,  light  rolled  joists  could,  be  used  to  give  the  required 
tenacity,  and  these  would  afford  a  better  key  to  the  con- 
crete ;  but  it  would  be  still  better  to  employ  JL-irons,  as  in 
these  the  great  bulk  of  the  metal  is  concentrated  at  the 
greatest  distance  below  the  neutral  axis.  Such  an  arrange- 
ment is  shown  in  section  by  Fig.  31. 

The  ±-irons  are  3  in.  wide,  3  in.  deep,  and  J  in,  thick, 
placed  24  in.  from  centre*  to  centre,  and  crossed  by  fin 
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round  rods  6  in.  apart.  Pairs  of  interlacing  rods  might  be 
used  12  in.  apart. 

The  same  reasoning  which  was  applied  to  beams  of  concrete 
and  iron  (Chapter  XVII.),  may  be  applied  to  the  floor  under 
consideration,  although  the  calculations  will  be  somewhat 
more  intricate. 

Fig.  32  is  an  enlarged  section  of  the  X-iron,  the  limiting 
stress  on  which  may  be  placed  at  5  tons  per  sq.  in.,  i.e. 
11,200  lbs.  Assuming  the  neutral  axis  to  pass  through  the 
middle  of  the  floor-thickness,  the  metal  web  just  reaches  to 
it,  and  the  stress  on  the  metal  will  at  that  point  be  zero. 
As  already  explained,  the  stress  varies  gradually  between 
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Fig.  32.— Enlarged  section  of  ±-iron,  shown  in  Fig.  31. 

these  extremes,  so  that  at  the  upper  side  of  the  flange  it 
will  be  9333 -3  lbs.,  and  at  the  upper  side  of  the  hole  for  the 
tie-rods  it  will  be  6533*3  lbs. 

If  we  assume  the  safe  working  resistance  of  the  concrete 
to  be  400  lbs.  in  compression  and  40  lbs.  in  tension  we 
can  proceed  with  our  calculations. 

The  Compressive  Resistance  of  the  upper  half  of  the 
beam  will  be 

/0.  .    v    .  .   Xv    400  lbs.  w  /2   «  A  .   \  Inch-lbs. 
(24  m.  X  4  in.)  X   X  (f  of  4  in.)  =  ^2QQ 

The  Tensile  Resistance  of  the  lower  half  of  the  beam 
will  be  the  sum  of  the  resistances  of  the  concrete  and  the 
iron. 
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1.  Concrete, 

Inch-lbs. 

(24  in.  X  4  in.)  X  X  (f  of  4  in.;  -  5,120 


2.  Wrought  Iron, 
a.  Flange, 

/0.  ....  /9,333-3  +  l  1,200  lbs.\  OQ.  .omn 
(3m.x|in.)x  (-  ±— -  1  X2-8  m.=  43,120 

(If  in.  X  J  in.)  X  6_!^L3   x  (f  of  If  in.)  rz  3,334 


Total    .    .  51,574 

In  other  words,  the  resistances  of  the  upper  and  lower 
halves  of  the  floor  are  theoretically  equal,  and  the  addition 
of  iron  to  the  upper  half  is  unnecessary.  Too  much 
reliance  must  not  be  placed  upon  theoretical  deductions 
alone,  but  since  practice  has  shown  that  floors  can  be  con- 
structed with  metal  in  the  tension  half  only,  we  may  con- 
clude that  theory  has  not  led  us  very  far  astray.  In  the 
present  calculations  a  factor  of  safety  of  five  has  been  used, 
and  this  is  the  least  that  ought  to  be  adopted. 

Col.  Seddon  has  constructed  concrete  floors  with  the  tie- 
metal  in  the  form  of  large  man-of-war's  cables,  crossing  and 
re-crossing  each  other,  and  thoroughly  embedded  in  the 
concrete. 

7.  Ward's  Steel-Webbed  Floor. — A  very  interesting  recent 
development  of  concrete  floors  containing  metal-ties  is  the 
"Patent  Steel-Webbed  Fireproof  Solid  Concrete  Floor," 
made  by  Messrs.  B.  Ward  &  Co.  This  is  shown  in  Fig.  33, 
and  consists  of  one  or  more  layers  of  steel-webbing  or  net- 
work embedded  in  concrete.  There  is  no  possibility  of  the 
webbing  being  pulled  through  the  concrete,  as  some- 
times happens  in  the  case  of  rods.  It  is  said  that  floors  of 
this  kind,  only  5  in.  thick,  can  be  made  to  carry  3  cwt 
per  sq.  ft.  over  a  span  of  7  ft. 

t  2 
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8.  "Monier." — The  "Monier"  system,  which  has  achieved 
great  success  on  the  Continent,  consists  of  iron  wires 
embedded  in  strong  concrete,  and  marvellous  examples  of 
its  use  are  recorded.    Flat  floors,  13  ft.  square  and  only 


Fig.  33. — B.  Ward  &  Co.'s  Steel- Webbed  Floor. 


2  in.  thick,  have  been  constructed  without  any  iron  beams  ; 
many  of  the  floors  constructed  by  Stuart's  Granolithic  Stone 
Co.  are  of  similar  character. 

9.  Lindsay's  Trussed  Rod  Floor. — W.  H.  Lindsay,  Neal, 


Fig.  34.— Lindsay,  Neal,  &  Co.'s  Trussed  Eod  Floor. 


&  Co.,  construct  floors  of  steel  or  iron  joists  interlaced  with 
trussed  rods  and  embedded  in  "  pumice-concrete, "  as  shown 
in  Fig.  34.  They  can  be  made,  it  is  said,  to  carry  from 
1  to  20  cwt.  per  square  foot.  The  joists,  of  course,  vary 
in  size  according  to  the  span,  and  are  usually  laid  24  in. 
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apart.  The  interlacing  rods  are  placed  in  pairs  about  1 8  in. 
apart.  For  a  span  of  10  ft.,  4  in.  by  2  in.  joists,  24  in. 
apart  would  enable  the  floor  to  bear  safely  a  load  of  1 J  cwt. 
per  square  foot.  The  so-called  pumice-concrete  consists  of 
Portland  cement,  sand,  and  coke-breeze,  and  is  said  to  weigh 
only  about  80  lbs.  per  cubic  foot.  Nails  can  be  driven  into 
it  and  will  be  held  by  it,  so  that  wood  fillets  are  not  needed, 
although  they  are  shown  in  some  of  the  illustrations 
published  by  the  company. 

Advantages  of  Network  of  Iron. — One  great  advantage 
of  all  floors  containing  a  network  of  iron  joists  or  bars  and 
rods,  is  that  the  concrete  is  entangled  among  them,  and 
cannot  therefore  fail  totally  under  a  heavy  load,  or  under 
the  influence  of  fire.  This  is  an  important  consideration, 
as  concrete  alone  is  liable  to  collapse  suddenly  and 
disastrously. 

10.  Roman  &  Rodger  s's. — A  flat  floor  of  concrete  and 
iron  was  patented  by  Homan  &  Eodgers  in  1865,  and 
another  in  1871.  The  subject-matter  of  the  later  patent 
seems  to  have  been  the  joists,  which  were  called  the 
"  Patent  Economic  (rolled)  Joist ; "  they  were  apparently 
of  the  ordinary  I-section.  The  concrete  was  deposited  from 
about  an  inch  below  the  joists  to  a  depth  of  2  or  3  in.  above 
them. 

11.  Moreland's. — Moreland's  floor,  brought  out  in  1866, 
had  for  its  special  distinction  light  lattice  or  bowstring 
girders,  3  ft.  9  in.  apart,  instead  of  solid  webbed  joists. 
The  concrete  was  therefore  continuous  throughout,  and  not 
divided  into  distinct  masses  by  the  ironwork. 

12.  Brownlie  &  Murray's. — A  recent  invention,  which 
attains  the  same  end,  is  the  "Arch  and  Invert"  girder, 
patented  in  1885  and  manufactured  by  Brownlie  k  Murray. 
These  girders  are  shown  in  Figs.  35,  36,  and  37.  Fig.  35 
is  an  elevation  of  the  girder,  and  Figs.  36  and  37  are  longi- 
tudinal and  transverse  sections  respectively  of  concrete  floors 
containing  I  or  ±-iron  joists  passing  through  and  carried 
by  the  girders,  the  whole  of  the  iron  being  embedded  in 
concrete.    The  distinctive  feature  of  the  girders  is  in  the 
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web,  which  consists  of  U-shaped  angle-irons  riveted  to  the 
webs  of  the  ±-irons  which  form  the  top  and  bottom  flanges. 
By  this  means  a  series  of  oval  openings  is  formed  in  the 
web  of  the  girder,  through  which  joists  and  concrete  can 
pass.  The  girders  are  made  of  various  depths,  from  7  in. 
to  18  in.  and  upwards  if  required.  There  is  no  doubt  that 
they  will  prove  of  service  for  fireproof  floors,  as  by  their  use 
the  depth  of  the  floors  is  reduced,  and  the  concrete  is 
rendered  continuous. 

So  far  we  have  treated  of  flat  floors,  which  have  required 


Fig.  35.— Elevation  of  "Arch  and  Invert"  Girder. 


Fig.  36.— Longitudinal  Section  of  Floor 
showing  Joists  passing  through 
Girder. 


Fig.  37.— Transverse  Sec- 
tions through  Girder 
and  Floor. 


temporary  scaffolding  to  receive  the  concrete,  and  in  pre- 
vious chapters  we  have  shown  that  such  scaffolding  should 
remain  in  position  for  several  weeks.  This  often  entails 
considerable  inconvenience,  and  it  becomes  questionable 
whether  a  floor,  which  can  be  constructed  without  scaffold- 
ing, should  not  be  adopted. 

13  Lindsay's  Steel-Trough  Floor.—  Reference  may  first 
be  made  to  W.  H.  Lindsay,  Neal,  &  Co.'s  patent  steel 
bridge-decking,  which  is  also  adapted  for  the  floors  of  ware- 
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houses  and  other  buildings  where  great  strength  is  required. 
It  will  be  seen  from  Fig.  38  that  the  decking  consists  of 
steel  troughs  riveted  together  and  filled  with  concrete. 
Some  protection  is  necessary  for  the  underside  of  the  floor, 
and  this  is  afforded  by  the  blocks  of  pumice-concrete,  shown 
in  the  figure,  or  by  a  plastered  ceiling  carried  on  fillets 
bolted  to  the  underside  of  the  troughs. 

Lindsay's  decking  is  made  in  depths  from  4  in.  to  12  in., 
the  former  being  sufficient  to  carry  a  safe  load  of  2  cwt.  per 
square  foot  over  a  span  of  about  15  ft.,  and  the  latter  over 
a  span  of  about  40  ft.  The  weight  of  the  4-inch  decking 
(exclusive  of  concrete)  is  15  J  lbs.  per  square  foot,  and  that 
of  the  12-inch  nearly  35  lbs. 


Cement  or  Asphalt*  or  VfooiL  Blcck, 


Fig.  38.— Lindsay,  Neal,  &  Co.'s  Steel-Trough  Floor. 

14.  MorelanoVs  Steel-Trough  Floor.—  Moreland's  steel 
flooring  is  somewhat  similar  to  the  last,  but  the  troughs  are 
of  rectangular  section,  and  are  built  up  of  plates  and  single 
or  double  angles. 

Steel-trough  floors  are,  however,  expensive,  on  account  of 
the  large  quantity  of  metal  which  they  contain.  Temporary 
scaffolding  can  be  dispensed  with  in  other  ways.  The 
method  most  germane  to  our  subject  may  be  first  men- 
tioned, viz.,  by  using  concrete  or  cement  slabs  carried 
between  the  joists.  The  slabs  may  be  either  in  the  form 
of  lintels  or  of  arch-blocks.  Examples  of  such  floors  are 
more  common  on  the  Continent  and  in  Ameiica  than  in 
England. 
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15.  Lindsay's  Concrete-Slab  Floor. — Several  floors  of  this 
kind  are,  however,  in  use  in  this  country,  such  as  Lindsay's 
concrete-slab  floor,  shown  in  Fig.  39.  Rolled  joists  are 
fixed  2  ft.  apart,  and  on  their  lower  flanges  cast  slabs  of 
pumice-concrete,  about  24  in.  by  18  in.  by  4  in.,  are  carried, 
the  metal  being  entirely  protected  by  them.  The  slabs 
are  grouted  with  cement,  and  may  be  covered  with  ordinary 
concrete,  so  that  the  joists  are  completely  surrounded. 
The  ceilings  are  plastered  directly  to  the  slabs. 

The  more  common  material  used  to  carry  the  concrete 
in  such  floors,  is  fire-clay,  as  this  offers  greater  resistance 
to  fire  than  concrete  does.    Several  systems,  combining  fire- 
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Fig.  39.- 

—Lindsay,  Neal,  &  Co.'s  Concrete-Slab  Floor. 

clay  lintels,  iron  or  steel,  and  concrete,  are  now  in  use,  the 
best  known,  perhaps,  being  "Fawcett's  Fireproof  Flooring," 
shown  in  Figs.  40  and  41. 

16.  "  Fawcett's  Fireproof  Flooring ." — "In  the  construc- 
tion of  this  fireproof  floor  the  special  feature  is  a  tubular 
lintel  or  hollow  tube  made  in  fire  or  red  chimney-pot  clay, 
and  burned  mellow. 

"  Iron  joists  (of  sections  to  suit  the  spans  and  loads) 
are  placed  at  2  ft.  centres,  and  the  lintels  are  fixed 
between  with  their  diagonals  at  right  angles  to  the 
joists.  The  end  of  each  bay  is  squared  by  cutting  (during 
manufacture)  an  ordinary  lintel  parallel  to  the  diagonal ; 
the  piece  cut  off,  when  reversed,  goes  on  the  other  end. 
Thus  the  ends  and  sides  of  all  lintels  are  open  next  the 
walls. 
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"  The  lintels  being  in  position,  specially  prepared  cement- 
concrete  is  filled  in  between  and  over  them,  which  takes  a 
direct  bearing  upon  the  bottom  flange  of  the  joists,  thus 
relieving  the  lintels  of  the  floor-load,  which  is  taken  by  the 
iron  and  concrete,  the  lintels  forming  a  permanent  fire-proof 
centering,  reducing  the  dead  weight  of  the  floor  25  per  cent., 
and  saving  about  half  the  concrete. 

"  Cold  air  is  admitted  (through  air-bricks  in  the  ex- 
ternal walls)  into  any  of  the  open  ends  or  sides  of  the 


Fig.  40.— View  of  Joists  and  Lintels  before  the  Concrete  is  deposited. 


Fig.  41.— View  of  Joist  and  Concrete  with  Lintels  removed. 
Fawcett's  Fireproof  Flooring. 

lintels,  and  passes  through  them  from  bay  to  bay  under 
the  joists. 

"  The  flat  bottom  of  the  lintel  completely  encases  the 
bottom  flange  of  the  joist  without  being  in  contact  with  it, 
a  clear  half-inch  space  being  left  for  the  passage  of  the  cold 
air." 

The  lintels  are  about  9  in.  wide  and  5  in.  deep,  and  are 
grooved  underneath,  so  that  plaster  will  key  into  them  and 
adhere  properly. 

The  following  table  gives  the  size  and  weight  of  joists 
for  various  spans  and  loads,  all  joists  being  fixed  2  ft.  apart 
from  centre  to  centre  : — 
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Table  XXVIII. — Strength  op  Joists  used  in  Fawcett's 
Fireproof  Floors. 


Buildings  of     Buildings  of 
the  Ware-      the  Domestic 

house  Class.  Class. 

^  — - 

Joists. 

Safe  Working  Load  per  sq.  ft.  for  different  spans — 

Size  in 
ins. 

Weight 
per  ft. 

8  ft. 

10  ft. 

12  ft. 

14  ft. 

16  ft. 

18  ft. 

20  ft. 

22  ft. 

24  ft. 

4x2 
4f  x2 
5Jx2 
6Jx2i 

7  v  1)1 

8x2± 

4x3 

5x3 

6x3 

7x3J 

8x4 

9x3| 

lbs. 
7 
8 
10 
11 

1  A. 

15 

12 
13 
16 
19 
22 
23 

cwt. 
2 

4 
5 

cwt. 

li 

2 
3 

Si 
5 

cwt. 
1 

li 
2 

2 

2J 

4 

5 

cwt. 
1 

li 
2 

2 
3 
4 
5 

cwt. 
1 

li 

o 

a 

2 
3 
4 
5 

cwt. 

1 

2 

2 
3 
4 

cwt. 

i 
i 

li 

2 
3 

cwt. 

H 
2 

cwt. 
1 

17  and  18. — Roman  &  Rodger  s's  "  Flat- Brick"  and 
Tubular-Lintel  Floors. — In  1885  Homan  &  Rodgers  patented 
their  "  Flat-brick  Fireproof  Floors,"  in  which  flat  bricks 
about  12  in.  by  6  in.  by  3  in.  rested  upon  the  flanges  of 
JL-irons  12  in.  apart,  which  in  turn  were  carried  on  the 
lower  flanges  of  I  joists  about  4  ft.  apart.  Concrete  was 
deposited  on  the  bricks  so  as  to  cover  the  joists. 

The  disadvantage  of  this  system  was  that  the  under  side 
of  the  ironwork  was  unprotected,  save  by  the  ordinary 
plaster  of  the  ceiling.  They  have  therefore  superseded  this 
floor  by  another,  in  which  hollow  lintels,  remarkably  similar 
in  principle  to  those  in  Fawcett's  floor,  are  used,  the  lintels 
being  of  triangular  section  instead  of  curved. 

19.  Willis  &  Astley's. — Willis  &  Astley's  "Fireproof  and 
Ventilating  Floor  "  is  of  quite  recent  invention,  and  consists 
of  rolled  I  joists  2  ft.  apart  with  J_-shaped  fire-clay  lintels 
carried  between  them.  The  flanges  of  the  lintels  pass  under 
and  protect  the  lower  flanges  of  the  joists.  The  webs  of 
the  lintels  are  jof  arched  form,  and  on  them  thin  sheet  iron 
is  laid,  upon  which  concrete  is  deposited  to  the  top  of  the 
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joists.  The  webs  of  the  lintels  are  pierced,  so  that  a  current 
of  air  can  pass  freely  through  the  floor ;  this  can  be  turned 
to  account  for  ventilating  the  room  beneath.  One  disad- 
vantage is  that  the  webs  of  the  lintels,  which  are  notched 
on  to  the  iron  flanges,  have  to  bear  all  the  weight,  not  only 
of  the  concrete  itself,  but  also  of  the  floor-load  between  the 
joists. 

20.  Corrugated  Iron  Centring. —  A  recent  patent  consists 
in  the  use  of  a  permanent  centring  of  corrugated  iron 
instead  of  fire-clay  lintels,  the  corrugations  being  of  dove- 
tailed section  for  the  sake  of  strength,  and  to  afford  a  key 
for  the  concrete  above  and  the  plastered  ceiling  below. 

Comparison. — Many  other  systems  have  been  invented, 
some  successful,  many  unsuccessful,  but  sufficient  has  been 
said  to  show  the  chief  varieties  of  flat  fire-resisting  floors  in 
which  concrete  plays  an  important  part.  With  our  present 
knowledge  it  is  impossible  to  institute  a  comparison  between 
the  different  floors  as  to  strength  and  fire-resistance.  A  series 
of  actual  tests  would  have  to  be  carried  out  before  this 
could  be  done,  but  tests  made  in  Berlin  (in  1892-3),  on 
several  floors  in  use  on  the  Continent,  and  actual  fires  in 
England,  go  to  prove  that  floors  of  ordinary  concrete  and 
iron  are  more  liable  to  damage  by  fire  than  are  floors 
containing  cement  slabs  or  fireclay  blocks  below  the  con- 
crete. On  the  other  hand  it  must  be  stated  that  the 
"  Monier  "  floor,  which  consists  of  "  cement  "  surrounding 
a  network  of  iron  bars,  was  severely  tested  at  Berlin,  and 
came  through  the  ordeal  as  well  as  any  floor  containing 
brick  or  other  blocks,  although  at  the  crown  the  "  Monier  " 
arch  was  only  3  J  in.  thick. 

Girders. — Large  floors  will  require  to  be  divided  into 
bays  by  girders,  which  must  be  protected  by  concrete  or  by 
fire-clay  blocks  (Fig.  44).  Sometimes,  to  save  height, 
angle-irons  are  riveted  to  the  webs  of  the  girders,  and  the 
floor  rests  on  these. 

Columns. — Iron  or  steel  columns  or  stanchions  are  now 
usually  protected  from  fires,  sometimes  by  means  of  special 
bricks  filled  up  with  fine  concrete,  or  by  concrete  alone. 
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In  the  latter  case,  a  key  for  the  concrete  is  obtained  by 
securing  to  the  columns,  with  wire,  vertical  strips  of  iron 
corrugated  horizontally.  A  mould  of  proper  size  is  then 
placed  around  the  column,  and  filled  with  concrete  which 
passes  into  and  is  held  by  the  corrugations.  The  strips  of 
iron  are  sometimes  omitted,  but  it  is  better  to  use  them  as 
they  afford  a  key  for  the  concrete.  The  thickness  of  con- 
crete intended  to  protect  iron  columns,  should  never  be 
less  than  2  in.,  but  ought  as  a  general  rule  to  be  3  in. 

Since  the  first  edition  of  this  book  was  published,  the 
use  of  concrete  reinforced  with  iron  has  been  largely 
extended,  and  some  of  the  most  important  methods  of 
construction  will  be  considered  in  Chapter  XXVI. 


CHAPTER  XXII. 


CONCRETE  ARCHES, — FLOORS,  BRIDGES,  SEWERS,  &c. 

Comparison  of  concrete  arches  and  lintels — Mr.  Colson's  tests 
(Table  XXIX.) — Deductions — Arches  economise  material  — 
Approximate  strength  of  floor-arches — Systems  :  1.  Homan  and 
Rodgers's  arched  floor,  2.  Moreland's,  3.  Dennet  and  Ingle's — 
Abutments  of  floor-arches — Arches  suitable  for  corridors — Girders 
and  their  protection — 4.  Lindsay's  skewback  girder  and  arch 
with  trussed  rods — Depositing  concrete  in  arches — Pro  and  Con. 
—  Ceilings  —  5.  Arch-block  floors  —  6.  The  "  Monier  "  system 
(floors,  domes,  and  bridges) — Domed  ceilings,  &c. — Bridges — 
Sewers — Drain-pipes,  &c. 

Comparison  of  Concrete  Arches  and  Lintels. — The 
compressive  resistance  of  concrete  so  largely  exceeds  its 
tenacity,  that  it  is,  as  we  have  already  shown,  little  adapted 
for  use  in  the  form  of  flat  lintels  or  slabs  subject  to  trans- 
verse stress.  It  is  much  more  economically  used  in  an 
arched  form,  where  it  is  subject  as  much  as  possible  to  a 
compressive  stress.  Indeed,  it  is  probable  that  a  lintel  with 
fixed  ends,  contains  within  it,  as  it  were,  a  hidden  arch,  and 
that  it  would  be  quite  as  strong  or  stronger  if  the  lower 
segment,  extending  from  the  underside  of  the  bearing  at 
each  end  up  to  one-half  the  thickness  of  the  concrete  at  the 
centre  of  the  span,  were  omitted.  Such  is  probably  the 
case,  but  sufficient  experiments  have  not  yet  been  made  to 
settle  the  point  definitely.  The  following  extract  from 
The  American  Architect  supports  this  theory,  and  deserves 
consideration. 

"Some  interesting  experiments  on  concrete  arches  were 
made  recently,  during  the  construction  of  the  new  railway 
station  at  Erfurt.  Some  of  the  rooms  were  to  be  covered 
with  concrete  floors,  carried  on  iron  beams,  while  others,  of 


286 


CONCRETE. 


smaller  size,  were  intended  to  be  spanned  by  arches  extend- 
ing from  wall  to  wall.  One  of  the  latter,  something  over 
seven  feet  in  width,  was  covered  with  concrete,  flat  on  top,  and 
forming  on  the  underside  a  segmental  arch,  the  thickness  of 
the  material  at  the  crown  of  the  arch  being  four  inches,  and 
about  eleven  inches  at  the  springing.  The  concrete  was 
made  of  "Germania"  Portland  cement,  mixed  dry  with 
gravel,  moistened  as  required,  and  well  rammed  on  the 
centring;  and  skewbacks  were  cut  in  the  brick  walls  at 
the  springing  line,  extending  two  courses  higher,  so  as  to 
give  room  for  the  concrete  to  take  a  firm  hold  on  the  walls. 

"Fourteen  days  after  completion,  this  floor  was  loaded 
with  bricks  and  sacks  of  cement  to  the  amount  of  more 
than  six  hundred  pounds  a  square  foot,  without  suffering 
any  injury,  although,  after  the  load  was  on,  a  workman 
hammered  with  a  pick  on  the  concrete  close  to  the  loaded 
portion,  so  as  to  provoke  the  cracking  of  the  arch  if  -there  had 
been  any  tendency  to  rupture.  In  the  other  cases,  the  con- 
crete arches  being  turned  between  iron  beams,  the  strength 
of  the  floor  was  limited  by  that  of  the  beams,  so  that  the 
extreme  load  could  not  be  put  on;  but  the  curious  fact 
was  established  that  a  section  of  concrete  flat  on  top,  and 
forming  a  regular  segmental  arch  beneath,  was  far  stronger 
than  one  in  which  a  portion  of  the  under  surface  was 
parallel  to  the  upper,  showing,  apparently,  that  the  arched 
form,  even  with  homogeneous  concrete,  causes  the  conver- 
sion of  a  large  part  of  vertical  pressure  into  lateral  thrust, 
reducing  by  so  much  the  tendency  of  the  load  to  break  the 
concrete  transversely. 

"  This  observation  is  important  theoretically  as  well  as 
practically.  It  has  been  of  late  generally  maintained  that 
a  concrete  arch  is  not  an  arch  at  all,  but  a  lintel,  without 
thrust,  and  that  the  common  form,  flat  above  and  arched 
beneath,  is  objectionable,  as  it  gives  least  material  at  the 
centre,  where  a  lintel  is  most  strained.  The  Erfurt  experi- 
ments directly  contradict  this  view,  and  it  remains  for  some 
students  of  architecture  to  render  the  profession  a  service 
by  repeating  them,  and  at  the  same  time,  actually  deter- 
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mining  the  thrust,  for  a  given  load,  of  arches  of  particular 
forms.  Until  this  is  done  the  concrete  construction,  which 
is  likely  we  hope  to  become  before  many  years  the  prevail- 
ing one  in  our  cities,  will  be  practised  with  difficulty  and 
uncertainty,  if  not  with  danger." 

Mr.  Colson's  Tests. — The  experiment  by  Mr.  Colson, 
mentioned  on  p.  196,  showed  that  the  lower  half  of  a  con- 
crete lintel  with  fixed  abutments,  cracked  right  across  long- 
before  the  upper  half  yielded.  It  is  evident,  therefore,  that 
some  portion  of  the  lower  half  was  mere  useless  dead  weight 
and  detracted  from  the  load-carrying  capacity  of  the  beam. 
This  portion  is  approximately  shown  in  Fig.  9,  by  the 
dotted  line  abc. 


1 


Fig.  42. — Arches  tested  by  Mr.  Colson. 

Other  experiments  by  Mr.  Colson  are  recorded  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers,  Vol.  LIV. 
(1877-8,  part  iv.).  Six  concrete  arches  of  a  uniform  width 
of  21  in.  and  thickness  of  9  in.,  with  radial  abutments  as 
shown  in  Fig.  42,  were  made  and  loaded  until  they  broke. 
Flat  lintels  of  similar  composition  were  also  tested,  and  the 
results  showed  conclusively  the  immense  superiority  of  the 
arched  form,  even  when  the  rise  of  the  arch  was  only  one- 
eleventh  or  even  one-eighteenth  of  the  span.  The  concrete 
contained  too  much  aggregate  and  far  too  much  sand  to 
give  really  good  results,  but  this  does  not  vitiate  the  com- 
parison between  the  several  tests.  Others  of  Mr.  Colson's 
tests  of  concrete  lintels,  besides  the  following  No.  8,  have 
been  given  in  Table  XXII.  (Nos.  24  to  26),  p.  191. 
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Deductions. — These  experiments  are  extremely  valuable, 
although  they  are  not  sufficient  to  settle  definitely  the  rela- 
tion between  the  strength  of  arches  and  lintels.  It  is 
remarkable,  however,  that,  if  the  arches  are  considered  as 
beams  with  a  depth  equal  to  the  vertical  distance  from  the 
level  of  the  springing  to  the  crown  of  the  arch,  they  yield 
constants  practically  identical  with  the  constant  deduced 
from  a  flat  beam  of  similar  composition  with  fixed  abut- 
ments. This  may  be  merely  a  coincidence,  but  it  is  at  any 
rate  worth  consideration.  If  the  tests  of  the  arches  Nos.  1 
and  2  be  compared  with  that  of  the  lintel  No.  7  in  this 
way,  the  two  former  being  considered  as  fixed  beams  18  in. 
deep,  and  the  last  as  a  fixed  beam  9  in.  deep,  the  resultant 
co-efficients  are  as  nearly  equal  as  possible.  The  arch 
No.  3,  which  is  of  larger  span,  gives  a  higher  constant, 
while  No.  4,  in  which  too  much  water  was  used,  is  by 
chance  again  identical  with  No.  7. 

The  constant  of  beam  7  with  fixed  abutments  has  already 
been  commented  upon,  on  account  of  its  increase  over  that 
deduced  from  beam  8  with  supported  ends,  and  it  has  been 
pointed  out  that  this  may  be  due  to  the  formation,  within 
the  mass  of  the  former,  of  what  may  be  termed  a  hidden 
arch. 

Arches  Economise  Material. — The  great  point  to  be 
considered  respecting  arches  and  lintels  is  that  a  given 
quantity  of  material  used  in  an  arched  form  is  far  stronger 
than  the  same  quantity  used  as  a  lintel  or  beam.  In  other 
words,  with  the  same  dead  weight,  there  is  a  far  greater 
load-carrying  capacity.  Arches  therefore  are,  strength  for 
strength,  considerably  more  economical  than  flat  lintels  or 
slabs. 

For  instance,  each  arch  1  and  2  contains  the  same  amount 
of  material  as  the  flat  lintel  7 ;  but  the  total  depth  of  each 
is  double,  namely,  18  in.  instead  of  9  in.  The  strength  of 
beams  varies  as  the  square  of  the  depth,  and  therefore  a 
beam  18  in.  deep  will  carry  four  times  as  much  as  one  only 
9  in.  deep.  Curiously,  as  we  have  already  said,  the  arches 
1  and  2  are  almost  exactly  four  times  the  strength  of  the 
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lintel  7.  An  arch  equal  in  strength  to  the  latter  might 
have  been  made  with  only  one-half  the  material. 

Approximate  Strength  of  Floor-Arches. — Until  further 
experiments  have  been  made,  the  nearest  simple  approxima- 
tion to  the  strength  of  concrete  arches  of  small  rise  (not 
exceeding,  say,  one-tenth  of  the  span),  will  be  to  consider 
them  as  fixed  beams,  having  a  depth  equal  to  the  rise  of 
the  arch  plus  the  thickness  of  the  concrete  at  the  crown. 

This  can  only  hold  true  of  arches  up  to  an  unknown  limit 
of  rise.  What  this  limit  is,  can  best  be  decided  by  experiment. 
The  tests  under  consideration  were  upon  arches  with  rises 
of  one-eleventh  and  one-eighteenth  of  the  span  respectively. 
The  rise  of  floor-arches  is  usually  about  one-tenth  or  one- 
twelfth  of  the  span,  and  the  rule  may  therefore  be  taken  to 
hold  good  in  ordinary  cases. 

The  thickness  of  the  concrete  must  also  be  considered. 
In  these  tests,  the  thickness  of  the  concrete  was  equal  to 
the  rise  of  the  arch,  and  deductions  from  them  can  only 
fairly  apply  to  arches  in  which  the  same  proportion  is 
observed.  Usually  the  concrete  is  thinner  at  the  crown 
than  this  proportion  would  give,  but  it  should  seldom  be 
less  for  floors  than  two-thirds  the  rise. 

1.  Homan  and  Rodgers's  Arched  Floor. — One  of  the  earliest 
patents  for  arched  concrete  floors  was  taken  out  by  Homan 
and  Rodgers  in  1865.  It  consisted  simply  of  rolled  iron 
joists  or  girders  about  10  ft.  apart,  with  concrete  arches 
springing  from  the  bottom  flanges.  The  underside  of  the 
flanges  was  not  protected  in  any  way.  The  upper  surface 
of  the  floor  was  flat. 

2.  Moreland's. — Moreland's  floor  consisting  of  iron  girders 
with  a  permanent  arched  centring  of  corrugated  iron  rising 
between  them  and  covered  with  concrete,  has  already  been 
mentioned.  This  has  the  advantage  of  doing  away  with 
the  temporary  scaffolding  and  is  still  sometimes  used,  but 
for  spans  of  more  than  6  ft.  it  will  often  be  necessary  to 
prop  the  metal,  to  prevent  sagging  during  the  ramming  of 
the  wet  concrete. 

3.  Dennet  and  Ingle's. — Dennet  and  Ingle's  floor  has  been 
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in  use  for  a  great  many  years.  It  is  practically  tne  same  as 
that  of  Homan  and  Rodgers,  with  the  exception  that  the  con- 
crete has  plaster  of  Paris  for  its  matrix  instead  of  Portland 
cement.  The  arches  are  made  up  to  spans  of  1 0  or  1 2  ft. 
and  have  a  minimum  rise  of  1  in.  to  every  foot  of  span. 
The  upper  surfaces  may  be  either  arched  or  flat,  and  the 
ceilings  may  be  formed  by  plastering  the  arched  soffits,  or 
by  fixing  ceiling- joists  beneath  the  concrete  and  plastering 
under  them.    See  Fig.  43. 

Abutments  of  Floor-Arches. — The  ends  of  arched 
concrete  floors  sometimes  merely  rest  on  corbel  courses  as 
shown  in  Fig.  43.    Frequently,  however,  a  chase,  i\  in. 


Fig.  43.— Dennet  and  Ingle's  Arched  Concrete  Floor. 


deep  from  the  face,  is  formed  in  the  wall,  bricks  laid  in 
sand  being  built  into  the  chase  and  removed  immediately 
before  the  concrete  is  deposited. 

A  combination  of  the  two  methods  is  often  adopted,  i.e.,  a 
shallower  chase  (say  2\  in.)  is  formed  in  the  wall  immedi- 
ately over  a  corbel-course  of  about  the  same  projection. 
This  can  be  utilised  for  9  in.  walls.  An  illustration  of  this 
method  is  given  in  Fig.  29,  page  264. 

Arches  suitable  for  Corridors.— For  corridors,  up  to 
10  or  12  ft.  wide,  the  arched  system  is  particularly  to  be 
commended.  No  ironwork  whatever  is  required,  and  the 
ceiling  underneath  can  be  finished  in  Keene's  cement 
directly  upon  the  concrete.  The  arched  form  of  the  ceil- 
ing improves  rather  than  impairs  its  appearance,  and  the 
corbel-courses  can  be  of  moulded  brickwork,  or  can  be 
covered  with  plaster  cornices  as  desired. 
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Girders  and  their  Protection. — In  large  rooms,  how- 
ever, it  is  necessary  to  divide  the  floor  into  bays  usually 
about  10  ft.  wide  or  less,  by  means  of  iron  or  steel  girders, 
and  these  are  a  source  of  weakness  during  conflagrations 
unless  they  are  protected  underneath.  The  bottom  flanges 
of  the  girders  were  at  one  time  invariably,  and  even  to-day 
are  frequently,  left  bare,  but  this  ought  not  to  be 
allowed. 

A  simple  mode  of  protection  is  to  surround  them  entirely 
with  concrete,  which  should  be  not  less  than  2  in.  thick. 
This  is  effected  by  keeping  the  temporary  centres  the 
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Fig.  44. — Girder  protected  by  Concrete  and  Fire-clay  Block. 

necessary  distance  below  the  girders  and  ramming  the  space 
full  of  good  fine  concrete.  This  system  is  shown  at  A  in 
Fig.  44. 

Another  arrangement  is  shewn  at  B  and  consists  in  the 
use  of  hollow  or  solid  fire-clay  blocks,  grouted  with  cement, 
which  protect  the  girders  and  form  skewbacks  for  the 
springing  of  the  arches.  These  add  to  the  expense,  but 
afford  effective  protection  from  fire. 

4.  Lindsay's  Skewback  Girder,  &c. — W.  H.  Lindsay, 
Neal  &  Co.  manufacture  a  special  skewback  girder,  as 
shewn  in  Fig.  45,  for  arched  concrete  floors.  The  girders 
are  entirely  encased  underneath  with  concrete.  The  illus- 
tration shews  also  the  trussed  rods,  which  this  firm  intro- 
duces to  strengthen  the  floors  and  to  prevent  the  concrete 
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collapsing  under  a  sudden  strain.  An  arch  of  this  kind 
6  ft.  wide  and  18  ft.  span  is  said  to  have  been  "  loaded  in 
the  centre  with  7  tons  without  producing  the  slightest 
crack  or  discoverable  flaw."  This  was  equal  to  a  distributed 
load  of  14  tons,  i.e.  2*6  cwt.  per  sq.  ft. 

The  dimensions  of  several  arched  concrete  floors  were 
given  in  Table  XXVL,  page  261,  and  an  example  of 
groined  concrete  floors  was  illustrated  and  described  on 
pp.  228—231. 

Depositing  Concrete  in  Arches.— A  point  of  particular 
importance  should  be  observed  in  the  construction  of  con- 
crete arches,  and  that  is  that  the  concrete  should,  wherever 
possible,  be  deposited  over  the  whole  span  and  of  the  full 

'      *  i 
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Fig.  45.— Lindsay.  Neal,  &  Co.'s  Skewback  Girder  and  Arched 
Concrete  Floor  with  Trussed  Rods. 

thickness  at  one  operation.  When  this  cannot  be  done,  the 
full  thickness  must  be  deposited  at  once,  commencing  at  the 
springing  and  finishing  with  a  joint  radiating  from  the 
centre  of  the  arch.  In  other  words,  each  "  dump  "  of  con- 
crete must  be  regarded  as  the  voussoir  of  an  arch,  and 
must  be  deposited  accordingly.  Concrete  in  arches  must 
not  be  deposited  in  horizontal  layers.  We  have  already  ex- 
plained that  there  is  a  weak  plane  between  every  layer 
of  concrete,  a  sort  of  plane  of  cleavage,  and  unless  this  is 
radial  to  the  arch  it  is  a  source  of  weakness.  Such  joints 
have  been  the  cause  of  more  than  one  failure. 

Pro  and  Con. — The  chief  consideration  in  favour  of 
arched  concrete  floors  is  that  they  are  economical,  all  iron 
being  omitted  except  the  girders,  and  the  concrete  being  cast 
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into  the  form  in  which  it  is  capable  of  bearing  the  greatest 
load.  But,  when  flat  ceilings  are  required,  this  gain  is 
counter-balanced  by  the  excessive  depth  of  the  floor,  which 
necessitates  a  greater  height  of  walling ;  thus,  an  arched 
floor  10  ft.  span,  including  (say)  wood-blocks  and  the  flat 
ceiling,  would  be  16  or  18  in.  deep.  It  must  not  be 
forgotten,  however,  that  most  of  the  flat  fire-proof  floors 
require,  for  large  spans,  girders  at  intervals,  and  if  the  ceil- 
ing were  formed  under  these  so  as  to  be  quite  flat,  the  depth 
would  be  as  great  as  that  of  the  arched  floor,  or  even 
greater,  for  in  many  cases  the  flat  floors  rest  on  the  top 
flanges  of  the  girders,  while  arches  rest  on  the  bottom 
flanges  and  only  just  reach  above  the  top  ones. 

Ceilings. — Flat  ceilings  can  be  formed  under  arched 
floors  when  necessary  by  hanging  under  the  girders  wood  or 
light  iron  ceiling-joists,  to  which  wood  or  metal  lathing  can 
be  attached  as  shewn  in  Fig.  43,  p.  291.  These  can  then 
be  plastered  in  the  ordinary  way.  Instead  of  lathing  and 
plastering,  fibrous  plaster  slabs  are  sometimes  used.  Flat 
ceilings  have  the  advantages  of  giving  a  slight  further  pro- 
tection to  the  girders  and  of  forming  an  air-space,  which 
assists  in  deadening  sounds,  and  gives  room  for  pipes,  ventila- 
tion, &c,  but  they  waste  a  considerable  amount  of  height. 

5.  Arch-Block  Floor. — In  America  hollow  concrete  blocks 
have  been  used  for  fire-resisting  floors.  The  floors  of  the 
offices  of  the  New  York  Tribune  were  constructed  by  the  New 
York  Fire-Proof  Building  Co.,  with  iron  girders  6  ft.  apart, 
between  which  flat  arches  were  formed  with  hollow  concrete 
blocks  about  9  in.  thick,  12  in.  long,  and  of  various  widths 
(average  width  about  10  in.).  The  blocks  were  made  from 
"  plaster  of  Paris,  coke-dust,  and  a  peculiar  quality  of  lime 
obtained  only  at  Teil  in  France."*  They  could  be  cut  with 
a  hatchet,  and  holes  were  easily  formed  in  them.  It  is  said 
that  blocks  have  been  heated  to  redness  and  thrown 
suddenly  into  cold  water  without  injury. t 

*  See  Table  XII.  p.  89. 

+  The  British  Architect,  July  14,  1876,  report  of  paper  read  by 
Mr.  James  Montgomery  before  the  Liverpool  Architectural  Society. 
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Several  kinds  of  fire-resisting  floors  consist  of  arches  of 
hollow  fire-clay  blocks  or  bricks,  covered  with  concrete,  but 
as  the  concrete  in  these  plays  quite  a  subordinate  part,  it  is 
not  within  our  province  to  describe  them. 

6.  The  "  Monier  "  System. — A  system  of  fire-proof  floor- 
ing, which  has  had  considerable  success  on  the  Continent, 
is  that  known  as  the  "  Monier "  system.  It  consists  of  a 
network  of  wires  embedded  in  concrete,  but  we  have  no 
details  of  the  construction.  Certainly  floors  formed  on  this 
principle  are  stated  to  be  of  quite  startling  thinness,  some 
indeed  not  exceeding  If  inches. 

A  short  time  ago  an  attempt  was  made  to  float  a  com- 
pany for  working  the  Monier  patents  in  England,  but 
apparently  without  success.  From  the  prospectus  we  learn 
that  arched  floors  have  been  constructed  of  the  following 
dimensions  : — 

1.  Factory,       12  ft.  span  and  2  in  thick. 

2.  Brewery,      18  „     „       „    3  „ 

3.  Warehouse,  19  „     „      „    3  „  „ 

The  haunches  were  partially  filled  up. 

But  even  more  surprising  results  are  obtained  in  other 
branches  of  construction.  Three  domes  have  been  erected, 
at  a  brewery,  24  ft.  4  in.  in  diameter,  21  ft.  high  and  only 
1£  in.  thick,  and  another  dome,  57  ft.  in  diameter  and  32  ft. 
high  has  been  erected  on  this  system,  and  filled  in  between 
the  ribs  with  glass. 

Of  bridges  three  examples  are  mentioned,  the  first,  at 
Wildegg,  120  ft.  span  and  8  in.  thick  at  the  crown,  accord- 
ing to  one  page  of  the  prospectus,  and  130  ft.  span  and 
only  6  in.  thick  according  to  another  page ;  the  second  a 
railway  bridge  at  Lisenbahn,  150  ft.  span  and  17  J  in.  thick, 
and  the  third,  a  foot-bridge  at  Bremen,  125  (or  130)  ft.  span 
and  7  \  (or  8)  in.  thick. 

In  conclusion  we  may  add  that  flat  floors  13  ft.  square 
and  only  2  in.  thick  are  said  to  have  been  erected  without 
iron  beams.    For  additional  information,  see  Chapter  XXVI. 

Certainly  the  "  Monier "  system  gives  wonderful  results 
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as  far  as  strength  is  concerned,  but  there  is  just  a  question 
whether  sufficient  protection  is  afforded  to  the  iron  wires 
(on  which  the  strength  of  the  structure  seems  mainly  to 
depend)  by  the  very  small  amount  of  concrete  with  which 
they  are  covered. 

The  Builder  of  July  29,  1903,  contains  an  article  on 
the  results  of  some  tests  carried  on  at  Berlin  in  1892-3  on 
the  strength  and  fire-resistance  of  various  so-called  "  fire- 
proof floors."  A  "  Monier  "  floor  with  arched  soffit  and  flat 
top  consisting  of  "  cement  with  a  framework  of  wrought 
iron  bars  of  about  \  in.  in  diameter,"  was  among  those  tested. 
It  had  a  clear  span  of  about  1 2  ft.  with  a  thickness  at  the 
springing  of  about  15  in.,  and  at  the  crown  of  only  3|  in. 
It  was  subjected  for  an  hour  to  a  fire  having  an  average 
temperature  of  about  1800°  F.  and  was  also  loaded  with 
about  4f  cwt.  per  sq.  ft.  t  "  No  appreciable  damage  was 
done,  and  the  assessors  were  able  to  express  their  confidence 
and  entire  satisfaction  by  reporting  the  exhibition  to  be 
1  thoroughly  fireproof.' " 

Domed  Ceilings,  &c. — Domed  ceilings  are  often  con- 
structed of  concrete,  and  as  these  have  little  or  nothing  to 
carry  besides  their  own  weight,  they  can  be  made  consider- 
ably lighter  than  floors  of  the  same  span.  Thus,  the  semi- 
circular dome,  forming  the  ceiling  of  the  "  Cabinet  Council 
lloom  of  the  New  Foreign  Office,"  is  36  ft.  in  diameter  and 
only  9  in.  thick  even  at  the  haunches.  The  coved  ceiling 
over  the  ladies'  dressing  room  at  Her  Majesty's  Theatre 
was  30  ft.  by  20  ft.  and  5  ft.  high,  with  a  thickness  at  the 
springing  of  about  1 2  in.  and  on  the  flat  soffit  of  about  9  in. 
Both  were  erected  by  Dennet  &  Ingle,  and  were  described 
by  Mr.  J.  J.  Webster  in  his  paper  on  "  Fireproof  Construc- 
tion," printed  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  Vol.  CV.  (1890-1,  part  III.).  For  a  descrip- 
tion of  the  concrete  domes  at  the  new  Roman  Catholic 
Cathedral,  Westminster,  see  p.  301. 

External  domes  are  sometimes  built  with  a  framework  of  iron, 
embedded  in  concrete,  and  may  be  finished  outside  with  lead, 
copper,  etc. 

f  2613  kilogrammes  per  sq.  metre. 
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Concrete  has  frequently  been  used  for  filling  up  the 
haunches  of  stone  or  brick  vaults,  but  it  might  also  be 
economically  substituted  for  the  filling  of  stone  or  brick 
between  the  ribs  of  Gothic  vaulting. 

The  use  of  concrete  arches  is  not  confined  to  floors 
and  ceilings.  They  have  been  adopted  frequently  for  large 
sewers  and  conduits,  and  also  for  bridges  and  other 
purposes. 

Bridges. — At  the  Croft  Granite  Brick  and  Concrete 
Works,  near  Leicester,  there  are  several  arched  bridges 
built  of  granite-concrete.  One  has  a  span  of  nearly  30  ft. 
and  two  others  are  each  about  30  ft.  wide  with  the  main 
arch  of  22  ft.  span  and  smaller  arches  at  the  sides.  The 
thickness  at  the  crown  is  about  14  in.  These  have  been 
built  3  or  4  years,  and  are  as  perfect  as  the  day  the  centres 
were  struck.  One  of  them  is  subjected  to  the  heavy  moving 
loads  of  a  railway  engine  and  loaded  trucks,  but  has  shewn 
no  signs  of  yielding. 

The  composition  of  the  concrete  for  these  bridges  is  1  part 
Portland  cement  and  8  parts  syenite  crushed  to  pass  a 
\\  in.  ring.  But  in  addition  to  the  crushed  material, 
lumps  of  syenite  from  4  in.  to  9  in.  in  length  were  carefully 
packed  into  the  work,  the  several  pieces  being  separated  by 
2  or  3  in.  of  concrete.  In  this  way  the  proportion  of 
cement  to  syenite  was  reduced  from  1  to  8  to  about  1  to  1 6. 
The  concrete  is  far  from  homogeneous ;  the  soffits  of  the 
arches,  which  remain  as  they  were  left  by  the  centres, 
present  a  rough  honeycombed  surface,  but,  notwithstanding 
this,  the  aggregate  seems  firmly  bound  together. 

Two  of  the  arches  have  ornamental  sham  voussoirs  and 
keystones  of  concrete  affixed  to  the  faces,  and  have  also 
enriched  panels  in  the  spandrels,  some  of  the  panels  having 
a  red  ground.  Ornamental  parapets  complete  the  struc- 
tures. 

In  two  of  the  bridges,  their  exposed  faces  have  been 
rendered,  and  grey  and  pink  syenite,  crushed  into  pieces  of 
the  size  of  peas  or  haricot-beans,  have  been  mixed  with 
cement  and  applied  as  rough-cast.   The  effect  is  pleasing. 
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A  much  larger  bridge  than  any  of  these  has  been  erected 
near  Erbach,  a  station  between  Ulm  and  Friedrichshafen, 
It  has  a  span  of  95  ft.  and  a  rise  of  13  ft.  The  concrete  is 
1  ft.  7f  in.  thick  at  the  crown  and  2  ft.  3^  in.  at  the 
springing,  and  consists  of  1  part  Portland  cement,  1  part 
sand,  and  3  parts  carefully  washed  and  screened  Danube 
gravel  varying  in  size  up  to  the  size  of  walnuts.  It  was  well 
rammed  in  radial  layers  2  ft.  7  J  in.  wide.  As  the  ground 
on  which  the  piers  were  built  was  somewhat  treacherous,  it 
was  thought  that  a  homogeneous  rigid  structure  would  be 
liable  to  crack  through  unequal  settlement.  Asphalt  layers 
were  therefore  inserted  at  the  two  abutments,  and  also  at  the 
crown  of  the  arch.  The  Munderkingen  Bridge,  Wurttem- 
burg,  erected  in  1893,  has  a  clear  span  of  164  ft.  and  a 
rise  of  16|  ft.  Steel  pivots  are  used  in  the  abutments  and 
crown,  and  the  concrete  is  3  ft.  3  in.  thick  at  the  crown, 
3  ft.  8  in.  at  the  springing,  and  4  ft.  3  in.  at  the  haunches. 

Sewers. — Concrete  has  been  largely  used  in  the  construc- 
tion of  sewers  both  at  home  and  aboard.  More  than 
20  years  ago  there  were  in  London,  south 
of  the  Thames,  more  than  a  mile  and  a 
quarter  of  sewers  constructed  entirely  of 
concrete,  and  rather  more  than  a  mile  con- 
structed of  concrete  but  lined  with  a  4 A  in. 
ring  of  brickwork. 

Fig.  46  is  a  section  of  the  all-concrete 
sewers,  and  Fig.  47  of  the  larger  sewers  lined 
with  brick. 

Mr.  Grant's  specification*  for  these  sewers 
required  the  concrete  to  have  3  bushels 
(about  4  cub.  ft.)  of  Portland  cement  to  1 
cub.  yd.  of  sand  and  ballast ;  the  centres 
were  to  be  covered  with  sheet  iron,  copper,  or  zinc,  and 
greased  if  necessary,  to  insure  a  smooth  surface  ;  the  in- 
verts below  the  springing  were  "  to  be  rendered  with  Port- 
land cement  and  sand,  in  equal  proportions,  and  finished  off 


Fig.  46. -Con- 
crete Sewer. 


*  Proceedings  of  the  Inst,  C.  E.%  vol.  xxxii.  (1870-1). 
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\  in.  thick  with  a  smooth  trowelled  face,"  done  by  a 
plasterer ;  the  concrete  for  the  arches  had  to  have  cement 
and  sand  next  the  face  so  as  to  avoid  a  rough  finish,  and 
all  flaws  found  on  removing  the  centres  were  to  be  touched 
up  by  a  plasterer. 

At  Buenos  Ay  res  there  were  in  1880  no  less  than 
11  miles  of  concrete  conduits  varying  from  12  ft.  by  14  ft. 
down  to  7  ft.  in  diameter,  12  miles  of  intercepting  sewers 
from  7  ft.  to  3  ft.  in  diameter,  and  20  or  30  miles  of  egg- 
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Fig.  47. — Concrete  Sewer  lined  with  Brick. 


shaped  collecting  sewers  from  4  ft.  to  2  ft.  6  in.  in  width. 
For  the  last,  the  concrete  was  about  6  in.  thick,  and  for  the 
largest  conduits  it  was  only  14  in.  thick. 

It  is  scarcely  within  our  province  to  enter  into  details  of 
the  mode  of  construction,  as  sewers  of  this  kind  are  rather 
engineering  than  architectural  problems. 

Drain-pipes,  &c. — Drain-pipes  are  now  made  of  concrete 
in  considerable  quantities  by  several  firms.  The  Imperial 
Stone  Company's  pipes  are  known  as  "  Silicated  Stone  Pipes." 
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They  are  made  in  sizes  from  6  to  3  6  inches  in  diameter,  but 
the  largest  sizes  are  perhaps  the  most  useful.  They  are 
quoted  at  from  Qd.  to  10s.  per  linear  ft.  according  to  the  size. 
The  concrete  is  well  tamped  or  rammed  by  machinery  as 
the  mould  is  filled.  The  thickness  of  the  rim  is  about  one- 
twelfth  the  diameter  of  the  pipe.  The  ends  are  not  provided 
with  a  projecting  socket  as  in  the  case  of  earthenware  drain- 
pipes, but  have  a  bevelled  edge  at  one  end  with  a  correspond- 
ing recess  at  the  other.  This  leaves  the  outside  of  the 
pipes  quite  straight.  They  are  not  burnt  like  ordinary 
pipes  and  are  therefore  not  warped.  This  trueness  of  line 
allows  them  to  be  laid  very  regularly. 

Some  tests  reported  in  The  Builder  for  April  1,  1882, 
showed  that  "  Silicated  Stone  Pipes  "  were  about  35  per 
cent,  stronger  than  ordinary  stoneware  pipes. 

Less  cement  is  required  to  fill  the  joints  of  the  former 
than  of  the  latter,  as  the  spigot  and  socket  of  the  concrete 
tubes  can  be  made  to  fit  accurately,  while  the  sockets  of 
stoneware  pipes  must  be  made  large  enough  to  allow  for  a 
certain  amount  of  twisting  in  the  kiln. 

It  has  been  said  that  sewage  may  have  an  injurious  effect 
on  the  concrete,  but  this  opinion  does  not  appear  to  have 
been  corroborated  by  actual  experience.  About  fifteen  years 
ago,  however,  at  Bournemouth,  concrete  pipes  were  found 
to  vary  considerably  in  serviceableness,  some  of  them  being 
very  porous.  There  need  be  no  fear  of  porosity,  if  the 
pipes  are  properly  made,  the  concrete  being  mixed  with 
the  full  quantity  of  water  and  well  rammed. 

Ordinary  drain-pipes,  when  passing  under  buildings  or 
through  soft  ground,  ought  to  be  entirely  surrounded  with 
concrete  not  less  than  6  in.  thick  in  any  part,  i.e.  a  4  in. 
pipe  would  be  embedded  in  the  middle  of  a  mass  of  concrete 
about  18  in.  square,  a  6  in.  pipe  in  concrete  about  20  in. 
square,  and  a  9  in.  pipe  in  concrete  24  in.  square.  A  slab 
of  the  proper  width  and  6  in.  thick  is  first  deposited ;  the 
pipes  are  then  laid,  and  after  being  tested  are  surrounded 
with  the  rest  of  the  concrete,  which  should  be  carefully 
rammed  under  the  pipes.     Another  and   perhaps  better 
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method  is  to  lay  the  pipes  on  small  piers  of  concrete  or 
brick,  and,  after  testing  them,  to  fill  entirely  around  them 
with  concrete.  Soft  places  in  the  ground  under  dram-pipes 
should  he  excavated  and  filled  with  concrete  which  may  he 
of  a  coarser  kind  than  that  required  for  bedding  around  the 

P1The  construction  of  sewers,  conduits,  bridges  <kc  ,  in 
re-inforced  concrete,  will  be  described  in  Chapter  XXVI 

Concrete  Bomes.-ln  the  new  Eoman  Catholic  Cathedral, 
Westminster,  designed  by  the  late  J  F.  Bentley,  concrete 
has  been  freely  used  in  arches  and  domes  J^  V™^ 
domes  over  the  nave  have  a  diameter  of  60  ft  and La  ,  ns of 
20  ft  6  in.  The  intrados  has  a  radius  of  31  it.  b  in.,  ana 
the  extrados  a  radius  of  34  ft.  1  in.  The  thickness  of  the 
conerete  at  the  erown  is  13  in.,  and  increases  gradually 
from  this  to  18  in.  at  a  diameter  of  44  ft,  and  to  3  ft.  at 
the  springing. 


CHAPTER  XXIII. 

ROOFS  AND  STAIRS. 

Flat  roofs — Prevention  of  cracks— Condensation — Protection  during 
setting — Sloping  roofs— Preferability  of  flat  roofs — Roofing  slabs 
and  tiles — Stairs. 

Flat  Koofs. — Concrete  roofs  are  now  coming  somewhat 
largely  into  use.  In  large  towns,  many  buildings  are  erected 
with  flat  fire-resisting  roofs,  which  are  not  only  economical 
in  construction,  but  also  provide  an  area  adapted  for  a  variety 
of  purposes,  such  as  exercise,  drying  clothes,  and  even  the 
growth  of  plants. 

Any  of  the  systems  of  flat  or  arched  floors  already 
described,  may  be  used  for  roofs,  but  some  differences  in 
detail  will  be  necessary,  as  provision  must  be  made  for  rain- 
fall and  also  for  the  contraction  and  expansion,  which,  in 
the  case  of  slab-floors  of  considerable  span,  would  tend  to 
crack  the  concrete  through  the  extremes  of  temperature  to 
which  they  would  be  subject. 

The  necessary  falls  and  gutters  can  be  formed  by  means 
of  an  inferior  concrete  laid  on  the  top  of  the  roof  proper. 
The  whole  should  then  be  covered  with  a  coat  of  good 
asphalt,  such  as  Claridge's  or  Val  de  Travers,  and  the  flash- 
ings from  the  roof  to  the  parapet  can  be  formed  with  the 
same  material.  The  asphalt  should  not  be  less  than  f  in. 
thick,  and  for  inferior  material  1  in.,  and  should  be  applied 
in  two  layers  breaking  joint,  the  concrete  having  first  been 
rendered  with  cement-mortar.  For  roofs  designed  for  use 
as  drying  or  airing  grounds,  the  asphalt  should  be  thicker 
and  finished  with  fine  grit. 

Prevention  of  Cracks. — In  order  to  prevent  cracks  being 
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caused  in  the  concrete  by  changes  of  temperature,  it  is 
customary  to  divide  it  into  separate  slabs  of  moderate  size. 
All  roofs  of  considerable  area  will  be  divided  by  main 
girders  every  10  or  12  ft.  or  thereabouts,  and  the  separation 
of  the  concrete  (when  this  is  laid  over  the  top  of  the 
girders)  can  best  be  effected  by  means  of  a  strip  of 
wood  about  J  in.  thick  placed  along  the  centre  of  each 
girder ;  the  strip  may  extend  the  full  thickness  of  the  roof, 
and  will  form  a  guide  for  the  workmen  in  depositing  the 
concrete.  Sometimes,  however,  the  joint  extends  through 
only  one-half  the  thickness.  When  the  concrete  has  set 
sufficiently,  the  wood  can  be  picked  out  to  the  depth  of 
1  in.  and  the  joint  filled  with  mortar  or,  better,  with 
asphalt ;  the  whole  roof  can  then  be  finished  with  asphalt. 
When  the  concrete  rests  on  the  lower  flanges  of  the 
girders,  and  is  therefore  divided  by  them  into  distinct 
masses,  no  further  precautions  need  be  taken  against  con- 
traction. 

Condensation. — There  is  some  danger  of  moisture  con- 
densing on  the  underside  of  solid  concrete  roofs,  and  for 
this  reason  and  also  to  insure  a  more  equable  temperature, 
a  separate  ceiling  is  sometimes  provided  underneath.  This 
can  be  formed  by  wood  or  light  iron  ceiling  joists,  carried 
by  the  main  girders  and  finished  with  wood  or  metal  lathing 
and  plaster. 

Protection  during  Setting. — In  laying  flat  slab-roofs 
especial  care  should  be  taken  to  prevent  loss  of  moisture 
during  the  setting  of  the  concrete,  particularly  in  warm  dry 
weather.  This  can  be  done  by  covering  the  concrete  with 
water,  or  wet  sand  or  sawdust,  or  in  other  ways  as  already 
indicated. 

Sloping  Roofs. — Where  the  usual  sloping  roofs  are 
required  to  be  fire-resisting,  they  can  be  constructed  with  iron 
principals  carrying  ±,  L  or  I  iron  purlins  2  to  4  ft.  apart. 
Between  the  purlins  coke-breeze  concrete  can  be  laid,  on 
which  slates  can  be  nailed  without  the  need  of  wood  laths. 
The  concrete  may  with  advantage  be  covered  with  roofing- 
felt  before  the  slates  are  laid. 
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Domes  and  vaults  of  concrete  have  been  constructed* 
with  and  without  framework  of  iron,  &c.  Flat  roofs  are, 
however,  cheaper,  and  it  is  easier  to  construct  a  fiat  fire- 
resisting  roof  than  to  protect  from  fire  all  the  members  of 
trussed  roof-principals. 

The  Leland  Stanford  Junior  Museum  at  Palo  Alta, 
California,  is  built  almost  wholly  of  concrete,  and  has  a 
sloping  concreted  roof,  supported  on  trusses  10  ft.  from 
centre  to  centre.  The  concrete  roofing  slabs  are  10  ft. 
long  and  about  2  ft.  6  in.  wide,  the  lower  surface  having  a 
web  in  the  centre  and  curving  up  on  each  side  of  this  to  the 
edges.  A  twisted  iron  rod  is  embedded  in  each  web.  The 
lower  edge  of  each 
slab  is  rebated  so 
as  to  overlap  the 
upper  edge  of  the 
slab  below  it  about 
2  in.,  and  a  strip 
of  lead  is  inserted 
in  each  joint.  The 
ends  of  the  slabs 
are  supported  by 
the  roof -tresses; 
a  channel  is  formed  in  the  concrete  on  each  side  of  the 
joint  over  the  truss,  and  the  channels  and  joint  are  covered 
with  concrete  tiles,  somewhat  resembling  in  shape  an 
ordinary  ridge-tile.  Similar  tiles  are  placed  at  distances 
of  about  2  ft.  6  in.,  for  the  sake  of  appearance. 

Roofing-Slabs  and  Tiles. — Concrete  roof-slabs  and  tiles, 
grey  and  red,  have  been  made  by  W.  H.  Lascelles  &  Co.  and 
other  firms,  but  have  not  come  much  into  use,  and  concrete 
ridge-tiles  and  finials  can  also  be  obtained. 

Thomann's  Roofing  Tiles  are  ahout  12  in.  square,  and  are 
laid  diamondwise,  being  secured  to  the  laths  by  a  lug 
descending  from  the  -upper  corner  of  each.  Wedges  are 
driven  between  the  lugs  and  laths,  and  by  this  means  pro- 

*  See  Table  XXVI.,  p.  261,  for  vaulted  roof  of  warehouse,  &c,  and 
p.  295  for  domes  on  the  Monier  system ;  see  also  p.  301. 


Fig.  48. — Concrete  Stairs  and  Framing. 
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jecting  lips  along  the  underside  of  the  two  lower  edges  of 
each  tile  are  drawn  tightly  against  corresponding  lips  rising 
above  the  upper  edges  of  the  tiles  in  the  course  below. 

Stairs. — Single  steps  of  concrete  or  artificial  stone  can 
be  obtained  and  built  into  walls,  after  the  manner  of  stone 
steps,  but  this  system  partakes  of  the  disadvantages  of  stone 
as  the  steps  are  liable  to  damage  by  fire,  especially  if  they 
are  merely  built  into  the  wall  at  one  end. 

A  better  method  is  to  form  the  whole  flight  in  one  mass 
of  concrete  by  means  of  framing,  as  shown  in  Fig.  48,  the 
sides  of  the  stairs  being  fixed  in  chases  cut  in  the  walls, 
By  means  of  suitable  moulds,  the  steps  can  be  formed  with 
moulded  nosings,  but  it  is  usually  preferable  to  have 
separate  treads,  so  that  when  much  worn,  they  can  be 
easily  replaced.  The  soffit  can  be  made  in  steps  if  required, 
but  the  continuous  slope  is  best  and  most  easily  formed. 
For  stairs  not  more  than  5  ft.  or  6  ft.  wide,  fixed  at  both 
ends  into  walls,  ironwork  is  not  absolutely  necessary,  but 
for  wider  stairs  the  concrete  should  be  reinforced,  either  as 
at  A,  or  in  some  other  way  (see  Chapter  XXVI. ). 

For  open-newel  stairs,  the  free  end  ought  to  be  strengthened 
by  a  rolled-steel  joist,  bolted  at  the  top,  to  another  joist 
extending  along  the  free  edge  of  the  landing,  or  by  a  steel 
skeleton,  consisting  of  raking  piece,  and  upright  and 
horizontal  bars  riveted  to  the  shape  of  the  steps.  A  close 
moulded  outer  string  of  reinforced  concrete  is  often  used  to 
give  strength  to  open-newel  stairs. 

Sometimes  a  network  of  iron  bars  and  cross  rods  is  used 
after  the  manner  described  for  floors,  and  this  method  is  to 
be  recommended  on  account  of  its  strength  and  the  preven- 
tion of  utter  collapse  in  the  event  of  a  severe  fire. 

The  treads  can  be  formed  with  Hawksley's  patent  wood- 
block treads,  Mason's  "  Unwearable "  metal  treads,  or 
Doulton's  silicon  treads,  &c,  or,  as  is  done  in  many  parts 
of  Spain,  with  tiles  kept  in  position  by  a  stout  wood  riser. 
The  riser  may  be  finished  with  cement,  tiles,  marble,  &c.  Or 
the  treads  and  risers  may  be  faced  with  wood,  so  that  the 
stairs  can  scarcely  be  distinguished  from  an  ordinary  flight. 
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WALLS. 

Pro  and  Con. — Cost — M.  B.  W.  Byelaws — London  C.  C.  Byelaws — 
Building- Frames — Concrete  posts  and  slabs— Lascelles's  slabs — 
Voids  —  Wood  in  concrete  —  Flues  —  Pipes  —  Absorbence  and 
porosity — An  angle-turret  —  Chimneys — Hollow  walls — Thick- 
ness of  walls— Retaining  walls,  Formula  XIII.  (Table  XXX.) — 
Cracks — External  treatment:  1.  Facing-concrete,  2.  Rough 
trowelling,  3.  Stucco,  4.  Colour,  5.  Rough-cast,  6.  Sgraffito,  7. 
"  Half -timber  "  work,  8.  Brick  and  stone.  9.  Tiles,  &c. 

Pro  and  Con. — The  use  of  concrete  for  the  walls  of  build- 
ings has  not  extended  as  rapidly  as  was  anticipated  by  men 
who  wrote  and  spoke  about  the  material  twenty  or  thirty 
years  ago.  Several  causes  have  combined  to  hinder  archi- 
tects from  adopting  it.  Notably  among  these  are  the 
dangers  arising  from  its  manufacture  by  careless  workmen 
and  unscrupulous  contractors,  the  difficulty  and  expense  of 
moulding  it  to  curved  or  irregular  forms,  and  the  bald 
appearance  and  unlovely  colour  of  the  material  itself. 

The  erection  of  a  concrete  building  is  an  event  requiring 
a  fresh  study  of  nearly  every  detail.  The  insertion  of  brick 
or  stone  quoins  and  window  dressings,  or  of  projecting 
features  of  any  kind,  is  fraught  with  difficulty.  The  points 
of  attachment  for  joinery,  &c,  must  be  considered  before 
the  walls  are  begun.  And  in  a  hundred  ways  thought  must 
be  exercised  or  the  building  may  prove  more  or  less  a 
failure. 

Other  objections  to  concrete  walls  are  their  homogeneity 
and  hardness,  which  render  the  hanging  of  pictures  and  the 
fixing  of  plugs  difficult  tasks,  and  which  make  alterations  a 
costly  affair  (this  last  is  raised  as  an  objection  sometimes,  but 
may  perhaps  be  regarded  as  an  advantage).    The  ease  with 


COST  OF  CONCRETE  WALLS. 


307 


which  sound  is  transmitted  through  concrete  walls  is 
certainly  a  point  against  them.  But  it  may  be  said,  on  the 
contrary,  that  good  concrete  is  considerably  less  pervious 
than  brickwork  and  some  kinds  of  stone,  stronger  and  more 
durable,  and,  under  certain  circumstances,  much  cheaper. 

Cost. — The  matter  of  cost,  however,  is  one  which  cannot 
be  settled  off-hand ;  so  much  depends  upon  the  distance 
which  brick  or  stone,  or,  on  the  other  hand,  the  concrete 
materials,  may  have  to  be  brought,  and  upon  the  price  of 
these  materials ;  upon  the  cost  of  skilled  and  unskilled 
labour ;  upon  the  simplicity  or  complication  of  the  plan  of 
the  proposed  building,  and  the  detail  of  its  elevations,  and 
so  on.  At  one  time,  it  was  customary  to  talk  volubly  of 
the  great  economy  of  concrete  over  brickwork  or  stonework, 
but  over  and  over  again  contractors  have  shown  by  their 
tenders  that  they  have  thought  quite  otherwise. 

Engineers  certainly  find  it  economical  to  employ  concrete 
for  marine-walls,  breakwaters,  dock-walls,  and  the  like,  but 
these  are  vastly  different  from  the  walls  of  buildings ;  the 
concrete  is  in  large  masses,  and  requires,  in  comparison  with 
its  bulk,  very  little  framework,  whereas  in  buildings  the 
walls  are  thin,  and  the  cost  of  the  framework  (including 
labour  in  fixing  and  removing),  especially  if  the  plan  is 
irregular,  amounts  to  a  considerable  sum  per  cubic  yard. 
Again,  on  the  sea-beach,  engineers  are  provided  with  suit- 
able sand  and  gravel  or  shingle,  for  the  merely  nominal 
cost  of  getting  it ;  sometimes  the  aggregate  required  in 
buildings  must  be  brought  from  a  distance,  and  must  be 
broken  and  washed  before  it  is  fit  for  use.  Engineers,  too, 
make  use  of  a  concrete  in  the  backing  of  retaining-walls, 
and  in  the  hearts  of  dock-walls,  &c,  much  inferior  in  quality 
to  that  which  is  required  in  the  walls  of  buildings  ;  in  those 
positions,  l-to-10  and  l-to-12  mixtures  are  far  from  un 
common. 

M.  B.  W.  Byelaws.— Up  to  1872  the  Metropolitan 
Board  of  Works  forbade  the  use  of  concrete  for  the  walls  of 
buildings,  but  in  that  year  it  was  agreed  to  grant  licences  for 
its  use  on  special  application  being  made  and  under  certain 
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conditions.  In  1885,  however,  an  action  was  brought  against 
a  builder,  and  it  was  decided  by  the  magistrate  that  con- 
crete walls  did  not  contravene  the  byelaws  of  the  Board,  and 
therefore  that  special  licences  were  not  required.  In  con- 
sequence of  this  decision,  byelaws  to  regulate  the  erection 
of  concrete  walls  were  passed  and  came  into  force  in  1886. 
These  byelaws  have  been  modified  (in  1891)  by  the  London 
County  Council. 

London  C.  C.  Byelaws. — The  following  are  the  byelaws 
now  in  force  in  the  Metropolis  : — 

"  Whenever  concrete  is  used  in  the  construction  of  walls, 
the  concrete  shall  be  composed  of  Portland  cement  and  of 
clean  Thames  or  pit  ballast,  or  gravel,  or  broken  brick  or 
stone,  or  furnace  clinkers,  with  clean  sand  in  the  following 
proportions,  viz.,  one  part  of  Portland  cement,  two  parts  of 
clean  sand,  and  three  parts  of  the  coarse  material,  which  is  to  be 
broken  up  sufficiently  small  to  pass  through  a  two-inch  ring. 

"  The  proportions  of  the  materials  to  be  strictly  observed, 
and  to  be  ascertained  by  careful  admeasurement ;  and  the 
mixing  either  by  machine  or  hand  to  be  most  carefully  done 
with  clean  water,  and,  if  mixed  by  hand,  the  material  to  be 
turned  over  dry  before  the  water  is  added. 

"  The  walls  to  be  carried  up  regularly  and  in  parallel 
frames  of  equal  height,  and  the  surface  of  the  concrete  filled 
in  the  frame  to  be  left  rough  and  uneven  to  form  a  key  for  the 
next  frame  of  concrete. 

"  The  thicknesses  of  concrete  walls  to  be  equal  at  the  least 
to  the  thicknesses  for  walls  to  be  constructed  of  brickwork 
prescribed  by  the  12th  section  of  the  Metropolitan  Building 
Act,  1855,  and  the  first  schedule  referred  to  therein. 

"  Such  portions  of  concrete  party-walls  and  chimney-stacks 
as  are  carried  above  the  roofs  of  buildings  to  bi^  rendered 
externally  with  Portland  cement." 

The  chief  difference  between  these  regulations  and  those 
previously  in  force  is  in  the  proportion  of  the  ingredients. 
In  the  earlier  regulations,  the  concrete  might  consist  of  one 
part  of  cement,  and  eight  parts  of  sand  and  broken  material, 
and  these  two  might  be  measured  together,  so  that  really 
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the  cement  and  aggregate  would  be  in  the  ratio  of  about 
1  to  1 1  if  the  ingredients  were  measured  separately.  The 
new  regulations  have  made  a  startling  change  in  this  respect, 
insisting  upon  a  ratio  of  1  to  5. 

Some  needlessly  detailed  provisions  about  measuring  the 
ingredients,  grouting,  flue-cores,  &c.  have  been  omitted  in 
the  new  bye-laws.  But  strangely  enough,  the  quality  of  the 
cement,  which  is  really  the  most  important  consideration,  is 
entirely  neglected  in  the  new  regulations  as  it  was  in  the  old. 

Building-Fkames. — In  Chapter  I.,  a  short  outline  of  the 
development  of  concrete  building  in  England  was  given,  and 
mention  was  made  of  several  patents  which  had  been  taken 


Figs.  49  &  50.— Elevation  and  Section  of  Building-Frame  for 
Concrete  Walls. 


out  for  concrete-building  appliances.  Many  of  these  have 
alien  into  desuetude,  and  others  are  not  often  used< 

The  principal  parts  of  all  building-frames  for  concrete 
walls  are  the  "  standards  "  and  the  "  shutters  "  or  movable 
panels.  The  standards  are  usually  of  wood,  sometimes  of 
iron,  and  are  of  any  convenient  length.  We  do  not  think  it 
necessary  to  enter  into  the  details  of  the  different  patented 
apparatus ;  it  will  be  sufficient  for  us  to  explain  the  common 
system,  which,  after  all,  will  usually  prove  best  and  most 
economical.    See  Figs.  49  and  50. 

Standards,  SS,  are  bolted  together  in  pairs,  the  space 
between  them  being  the  thickness  of  the  intended  wall. 
These  are  then  set  perpendicular  at  distances  of  from  6  ft. 
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to  12  ft.,  according  to  the  length  of  the  wall.  The  standards 
at  the  angles  of  the  building  must  be  bolted  together 
diagonally.  All  the  pairs  of  standards  are  kept  in  position 
by  means  of  stays  nailed  to  stakes  in  the  ground,  or  in 
some  other  manner,  and  are  also  tied  together  longitudinally 
by  means  of  pieces  of  wood,  such  as  slater's  laths,  nailed 
from  pair  to  pair,  on  each  side  of  the  wall.  Great  care 
should  be  taken  that  the  standards  are  perfectly  perpendicu- 
lar and  in  line,  as  on  them  the  straightness  of  the  future 
wall  depends. 

Sometimes  the  standards  are  omitted  altogether,  and  the 
walls  formed  by  means  of  panels  only,  but  this  enhances 
the  difficulty  of  constructing  the  walls  quite  straight  and 
vertical.  A  description  of  an  apparatus  of  this  kind  is 
given  on  page  312. 

The  "  shutters  "  or  movable  panels,  PP,  are  usually  made 
of  1  in.  or  1  \  in.  boards  nailed  to  ledges  along  the  back, 
and  smoothly  planed  on  the  face.  Sometimes  thin  sheet- 
iron  is  nailed  on  the  face  of  the  boards  to  protect  them  from 
the  wet  concrete,  but  this  is  scarcely  necessary,  as  it 
increases  the  cost  without  corresponding  benefit,  and  renders 
the  panels  more  difficult  to  shorten  or  alter  in  any  way. 

To  prevent  the  adhesion  of  the  concrete,  the  faces  of  the 
panels  are  frequently  covered  with  a  coat  of  oil  or  soft 
soap.  Cases  have  occurred  in  which  soft  soap  used  in  this 
way  has  prevented  the  setting  of  the  cement,  but  perhaps 
an  excessive  quantity  was  used.  Sometimes  crude  petroleum 
is  used  instead  of  soap.  The  panels  should  be  well  cleaned 
immediately  on  their  removal  from  the  wall,  and  if  this 
be  thoroughly  done,  no  further  preparation  need  be  made. 
When  the  concrete  is  to  be  faced  with  stucco  or  other 
material,  a  smooth  face  is  neither  necessary  nor  desirable. 

The  panels  are,  like  the  standards,  bolted  together  in 
pairs  by  means  of  wrought-iron  bolts,  BB,  passing  through 
turned  hardwood  cores  or  distance-pieces,  CC,  which  regulate 
the  thickness  of  the  wall ;  these  cores  are  made  to  taper 
slightly,  in  order  that  they  may  be  the  more  easily  driven  out 
when  the  concrete  has  set. 

The  width  of  the  panels  is  usually  such  as  to  allow  a 
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layer  18  in.  deep  to  be  deposited  at  one  operation,  but  in  excep- 
tional cases  they  are  made  for  the  deposition  of  24  in.  layers. ' 

When  the  standards  are  all  in  position,  the  panels  are  laid 
between  them,  and  secured  by  means  of  fillets,  FF,  nailed 
to  the  standards.  Panels  should  be  provided  sufficient  to 
enclose  the  whole  length  of  walling  intended  to  be  formed 
in  one  day,  as  otherwise  the  concrete  will  be  strained  by  the 
removal  of  the  panels  in  less  than  twenty-four  hours.  When 
some  of  the  panels  have  been  fixed  in  position,  the  concrete 
may  be  mixed,  deposited  within  the  frames  to  the  full  depth, 
and  rammed,  and  so  on,  until  the  day's  allotted  task  is 
complete. 

When  the  circuit  of  the  building  has  been  made,  work  is 
recommenced  at  the  same  pair  of  panels  as  on  the  first  day. 
These  are  removed  by  withdrawing  the  bolts ;  their  faces 
are  scraped  clean  of  all  cement,  &c,  and  the  panels  are  re- 
fixed  on  a  higher  level,  the  lower  row  of  bolts  in  the  panels 
now  passing  through  the  cores  of  the  higher  row  in  the 
previous  layer.  As  the  work  proceeds,  other  panels  are 
taken  down  and  refixed  until  the  second  layer  is  complete. 
No  panel  ought  to  be  removed  in  less  than  twenty-four 
hours,  for  Portland-cement  concrete.  The  holes  left  after 
the  cores  are  withdrawn  must  be  completely  filled  with 
cement  mortar  (1  to  2). 

Ransome's  apparatus  for  solid  concrete  walls  (Fig.  51)  is 
simple  and  ingenious.  Each  shutter  is  formed  of  three 
boards  5f  in.  by  l\  in.,  with  6  in.  by  f  in.  by  16  in. 
ledges  nailed  on  the  back.  A  hole  §  in.  in  diameter  is 
bored  through  the  shutter  at  the  centre  of  each  ledge.  The 
standards  are  3  ft.  6  in.  long,  formed  with  two  side  pieces 
5 1  in.  by  1^  in.,  and  two  3  in.  by  f  in.  packings  between 
the  ends,  so  that  a  continuous  slot,  3  ft.  long  by  f  in.  wide, 
is  left  between  the  side  pieces.  The  shutters  are  set  up  in 
pairs  (two  shutters  on  each  side  of  the  wall),  and  are 
bolted  together  with  f  in.  bolts  passing  through  the 
standards  as  shown.  Each  bolt  is  fitted  at  one  end  with 
an  adjustable  collar  having  a  projecting  lug,  which  is 
placed  in  the  slot  of  the  standard  to  prevent  the  turning  of 
the  bolt,  and  at  the  other  end  with  a  cast-iron  washer  and 
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hand-nut.  When  one  layer  of  concrete  has  properly  set, 
the  lower  bolts  of  the  standards  are  withdrawn  by  means 
of  a  lever ;  the  standards  are  then  pushed  up  to  the  next 
row  of  bolts,  and  the  lower  set  of  planks  is  removed  and  set 
in  place  upon  the  upper  set.  The  scaffolding  and  hoisting 
tackle  are  supported  on  reversed  troughs,  5|  in.  wide  by 
5 1  in.  deep,  constructed  of  \\  in.  boards,  to  which  2  in.  by 
\  in.  wrought-iron  bands  are  screwed.    These  troughs  are 


r*e  nouses  wvcTTto  on. 

Fig.  51. — Ransome's  apparatus  for  building  concrete  walls. 


laid  on  the  tops  of  the  standards  as  shown.  One  of  them  is 
fitted  with  two  rings,  to  which  the  blocks  supporting  the 
scaffold  are  attached ;  the  other  is  fitted  with  a  socket  in  which 
the  crane-jib  revolves.  The  concrete  is  hoisted  in  the  iron 
bucket,  which  is  10  in.  wide,  18.  in.  long  by  9  in.  deep  (in  the 
middle),  and  is  swung  on  hooks  and  fitted  with  a  latch  so  that 
the  contents  can  be  rapidly  tipped  between  the  shutters. 
Recessed  joints  to  imitate  masonry  are  formed  by  means 
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of  horizontal  and  vertical  triangular  fillets  K  nailed  to  the 
outer  shutters.  Where  the  edges  of  two  shutters  meet,  the 
joint  is  formed  as  at  L,  the  edges  ah  and  cd  being  bevelled 
to  prevent  the  edges  of  the  planks  from  springing  in.  To 
prevent  cracks  in  such  walls,  through-joints  are  formed  at 
intervals  from  base  to  summit  by  means  of  sheet-iron  plates 
S ;  each  of  these  joints  is  arranged  to  fall  on  one  of  the 
lines  of  vertical-recessed  joints,  so  that  in  the  first,  third 
and  fifth  courses  the  through-joint  extends  to  the  face  of 
the  wall.  In  the  second,  fourth  and  sixth  courses;  recesses 
3 \  in.  deep  are  formed  opposite  the  through-joints  by  means 
of  cores,  and  concrete  blocks  are  afterwards  inserted  to  match 
the  other  work,  and  to  give  the  appearance  of  proper  bond. 

L-Shaped  Tiles. — A  writer  in  Indian  Engineering  has 
pointed  out  an  ingenious  but  simple  way  of  building  concrete 
walls  without  shutters  and  frames.  The  invention  consists 
in  the  use  of  terracotta  or  other  tiles  of  L-shaped  section,  laid 
along  the  two  faces  of  the  wall,  thus  |_  J  >  the  space  between 
is  filled  with  concrete,  and  another  course  of  tiles  is  then  laid 
to  break  joint  with  the  course  below;  and  so  on.  The  faces  of 
the  walls  are  by  this  method  finished  in  a  durable  manner ; 
and  the  system  has  the  further  advantage  of  allowing  the 
insertion  of  projecting  features  in  any  part  of  the  building, 
without  any  of  the  difficulties  which  occur  when  shutters  are 
employed.  The  Cockrill-Doulton  patent  tiles,  which  are  now 
made  by  Messrs.  Doulton  k  Co.,  are  of  this  type. 

Concrete  Posts  and  Slabs. — At  Croft  one  or  two 
cottages,  &c,  have  been  built  with  square  concrete  uprights 
containing  grooves,  into  which  2  or  2  J  inch  concrete  slabs 
(like  flags)  are  fitted.  The  horizontal  joints  of  the  slabs  are 
tongued  and  grooved.  The  houses  are  said  to  be  comfortable, 
but  it  is  not  a  system  of  building  which  can  be  recommended 
except  for  outbuildings. 

Lascelles's  Slabs. — Lascelles's  system  is  applicable  in 
country  districts  where  bye-laws  do  not  insist  on  solid  walls. 
It  "  consists  in  fixing  by  nails  or  screws,  through  holes  in 
each  corner,  thin  slabs  of  very  strong  concrete  on  both  sides 
of  a  skeleton  wood  partition,  and  finishing  by  a  thin  coat  of 
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plastering,"  "  Fish-scale  slabs,"  3  ft.  by  2  ft.,  of  a  red  colour 
are  moulded  on  the  face  to  imitate  weather-tiling. 

Voids. — In  monolithic  walls  the  openings  of  windows 
and  doors,  including  the  necessary  re- 
veals, must  be  formed  with  wood 
framing,  which  must  be  kept  from 
bulging  inwards  by  suitable  struts. 
The  temporary  lintels  must  be  sup-  i- 
ported  on  props,  the  props  resting  on 
wedges  by  which  their  removal  is  facili- 
tated.    The  head  of  an  opening  may  be  Fig-  52.— Temporary 

chamfered  by  means  of  a  triangular     fW>**  f. cham" 
J  t     ,    -r       fered  head  m  con- 

fillet,  b,  nailed  to  the  outer  lintel,  L.     crete  wall. 

Permanent  lintels,  either  of  wood,  iron, 
or  stone,  or  brick  or  stone  arches,  are  unnecessary,  but 
Mr.  Potter  recommends  the  insertion  of  wrought-iron  bars 
(caulked  at  each  end),  a  few  inches  over  all  openings,  as 
these  "  help  to  prevent  the  unsightly  cracks  which  some- 
times occur  in  concrete  walls." 

Wood  in  Concrete. — The  insertion  of  wood  bricks  or 
bond-timber  into  concrete  walls  cannot  be  recommended,  as 
they  are  sure  to  swell  with  the  moisture,  and  may  afterwards 
become  loose,  or  eventually  rot.  It  is  always  better  to  use 
breeze-bricks  (made  from  Portland  cement,  coke-breeze,  &c), 
or  Thompson's  "  Brickwood  "  fixing-blocks.  These  hold  nails, 
and  are  not  liable  to  swelling  or  decay,  or  to  damage  by  fire. 
To  prevent  the  ends  of  wood  joists,  purlins,  blocks,  &c,  where 
such  are  used,  from  becoming  loose  after  the  concrete  has 
dried,  they  are  usually  set  with  large  nails,  which  are  left 
projecting  an  inch  or  more,  and  so  get  a  hold  in  the  concrete. 
Or  the  ends  of  the  joists  can  be  built  into  earthenware  or 
stoneware  joist-boxes,  which  are  embedded  in  the  concrete. 
Or  soft  bricks  can  be  built  into  the  concrete  where  required 
to  receive  the  joists,  and  when  the  concrete  has  set  and  the 
panels  have  been  removed,  the  bricks  can  be  cut  out  and 
the  joists  inserted.  In  many  cases  the  upper  walls  are 
thinner  than  those  below,  and  the  joists  can  rest  on  plates 
laid  on  the  ledges  thus  formed. 

Flues. — Flues  for  smoke  and  ventilation  may  be  formed 
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by  wooden  cores,  which  are  made  collapsible  in  order  that 
they  may  be  easily  withdrawn.  But  it  is  always  far  better 
to  form  the  smoke-flues  by  means  of  earthenware  or  stone- 
ware pipes;  these  may  be  ordinary  circular  drain-pipes, 
socketed  or  unsocketed,  or  may  be  special  flue-pipes  of 
circular,  elliptical,  or  oblong  form,  the  oblong  form  having 
rounded  corners.  Combined  smoke-and-air  flues  of  various 
sections  can  be  obtained  from  several  makers,  and  these  are 
well  adapted  for  building  into  concrete  chimney-breasts. 

One  of  Benison's  patent  smoke-receivers  may  with 
advantage  be  built  into  the  concrete  over  each  fire-place 
opening.  These  are  blocks  of  fire-clay,  shaped  like  wide 
shallow  keystones,  and  through  each  is  a  hole  for  the  smoke, 
large  at  the  bottom  and  tapering  upwards  to  the  size  of  the 
flue  above. 

i  Pipes. — Pipes  for  water,  gas,  waste-water,  &c,  should 
never  be  built  into  concrete  walls,  on  account  of  the  difficulty 
of  repairing  them  in  case  of  leakage.  Chases  can  easily  be 
formed  in  walls  where  required  to  receive  such  pipes,  and  the 
front  of  these  can  be  finished  afterwards  with  wood  casing. 

Absobbence  and  Porosity. — Good  concrete  is  much  less 
absorbent  than  ordinary  bricks,  while  in  brickwork  there  is 
the  further  disadvantage  that  the  joints  (if  of  lime-mortar) 
are  easily  penetrated  by  water.  Bad  concrete,  however, 
cracks  and  admits  driving  rain  easily.  Mr.  Payne  summed 
up  the  discussion  which  followed  the  reading  of  his  paper 
on  "  Concrete  as  a  Building  Material,"  by  saying,  "  Some 
five  speakers  have  averred  that  concrete  is  wet,  condenses 
water,  shrinks,  cracks,  and  contracts,  while  ten  declare 
that  it  does  not  condense  water,  does  not  shrink,  nor  crack, 
nor  take  up  damp." 

Mr.  Payne  also  wrote  to  a  number  of  persons  who  had 
had  a  large  experience  in  concrete  building,  and  their 
testimony  was  to  the  effect  (1)  that  concrete  houses  are 
warmer  and  drier  than  brick  or  stone  ones,  and  can  be 
sooner  occupied ;  (2)  that  concrete  does  condense  moisture 
(so  also  do  brick  and  stone),  but  that  plaster  rendering 
inside  overcomes  the  objection;  and  (3)  that  concrete 
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made  with  good  air-slaked  Portland  cement  does  not 
shrink.* 

An  Angle-turret. — An  instance  of  concrete  building 
was  given  by  Colonel  Lumsden  in  the  same  discussion. 
The  walls  of  certain  additions  to  his  own  house,  an  old 
Aberdeenshire  castle,  were  built  of  concrete,  15  in.  thick 
up  to  the  first  floor,  and  1 2  in.  above  ;  at  one  corner  a 
hanging  turret  about  6  ft.  in  diameter,  was  constructed 
with  walls  9  in.  thick,  the  supports  under  it  being 
removed  at  the  end  of  a  week.  The  concrete  was  com- 
posed of  one  part  Portland  cement  and  six  parts  gravel, 
varying  in  size  from  a  pea  to  a  hen's  egg,  and  was  after- 
wards skimmed  outside  with  a  coat  of  cement  mortar,  J-in. 
thick  (3  cement  to  5  sand). 

Chimneys. — The  chimney-stacks  of  concrete  buildings 
and  even  chimney-tops  are  often  formed  of  concrete,  but 
it  is  always  advisable  to  form  the  flues  in  concrete  chimney- 
stacks  with  fireclay  tubes  in  order  to  mitigate  to  some 
extent  the  great  variations  of  temperature,  which  would 
cause  contraction  and  expansion,  and  consequently  cracks 
in  the  material.  A  still  better  course  is  to  build  the 
stacks  entirely  of  brickwork. 

Concrete  has  also  been  used  occasionally  for  large 
chimneys  from  boilers.  The  material,  however,  does  not 
appear  to  be  able  to  withstand  the  severe  heat  of  a 
chimney  as  well  as  good  brickwork  does,  but  cracks  after 
a  time.  The  first  example  in  this  country  was  designed  by 
Mr.  H.  H.  Wake,  and  built  at  Sunderland  for  the  River 
Wear  Commissioners.  Its  foundation  was  a  bed  of  con- 
crete 12  ft.  square  and  6  ft.  thick,  deposited  on  "made 
ground  "  consisting  of  sand  and  town-rubbish.  The  base 
of  the  chimney  was  24  ft.  9  in.  high,  7  ft.  6  in.  square 
outside,  and  4  ft.  square  inside,  and  lined  with  fire-brick. 
Above  the  base  was  a  moulding  21  in.  high,  and  from  this 
rose  an  octagonal  shaft  30  ft.  high,  15  in.  thick  at  the 

*  Apparently  contraction  during  setting  and  hardening  is  here  re- 
ferred to  ;  this  must  not  be  confounded  with  the  contraction  and 
expansion  due  to  changes  of  temperature. 
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bottom,  and  9  in.  at  the  top.  The  concrete  for  the  base 
consisted  of  1  part  Portland  cement  and  8  parts  shingle 
and  sand,  that  for  the  shaft  of  1  part  cement  and  5  parts 
gravel  and  sand ;  rubble  stones  were  also  packed  into  the 
concrete  as  it  was  deposited.  The  chimney  was  finished 
externally  with  a  J-in.  coat  of  cement  and  sand  (1  to  1), 
"  divided  into  ashlar."* 

Hollow  Walls. — Hollow  concrete  walls  have  frequently 
been  built  in  order  that  the  internal  face  of  the  walls  may 
be  perfectly  dry,  and  of  more  uniform  temperature.  They 
may  be  formed  by  inserting  in  the  required  position  between 
the  shutters  a  2  in.  or  3  in.  plank  tapering  slightly  in 
thickness,  from  the  top  edge  to  the  bottom;  the  taper 
facilitates  the  removal  of  the  plank.  When  the  plank  has 
been  withdrawn,  metal  ties  are  laid  across  the  cavity,  as  in 
hollow  brick  walls,  and  on  these  ties  the  plank  rests  during 
the  formation  of  the  next  layer.  For  wider  cava  ties,  hollow 
cores  or  double  shuttering  may  be  used,  and  the  two  parts 
of  the  wall  may  be  united  at  intervals  by  concrete  withs, 
as  shown  in  Fig.  64. 

Thickness  of  Walls. — There  is  no  doubt  that  good 
concrete  walls  are  stronger  than  good  brick  walls;  but 
such  is  the  danger  of  concrete  being  scamped,  that  the 
regulations  of  the  London  County  Council  (mentioned 
above)  require  the  thickness  of  concrete  walls  in  buildings 
to  be  equal,  at  the  least,  to  the  thicknesses  for  brickwork 
prescribed  in  the  "Building  Act."  Mr.  Slater's  opinion  of 
monolithic  concrete  walls  is  that  they  "  are  really  stronger 
than  brickwork,  drier  and  more  cheaply  built,  but  great 
care  must  be  taken  in  the  preparation  of  the  concrete  : 
the  cement  must  be  of  the  best,  the  aggregate  must  be 
broken  to  the  proper  size,  and  the  whole  thoroughly  well 
mixed.  If  these  precautions  are  taken,  the  thickness  of  the 
walls  may  be  about  twenty  per  cent,  less  than  with  brick  "  \ 

*  Paper  by  Mr.  R.  M  Bancroft,  read  before  the  Civil  and  Mechani- 
cal Engineers'  Society,  1875. 

t  John  Slater,  B.A..  in  Carpenters'  Hall  Lecture  on  "  Concrete  " 
March  17, 1886. 
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Swimming-baths. — Concrete  is  now  largely  used  for  the 
walls  and  floors  of  swimming-baths.  Fig.  53  is  a  section 
through  the  wall,  floor,  and  gangway  of  such  a  bath.  In 
this  case  a  passage  is  shown  around  the  bath  under  the 
gangway ;  this  allows  convenient  access  to  the  various 

pipes,  &c.  The  gang- 
.     .  -  '-z<^:-,-r-z  -Ts       -  way  itself   may  be 

formed  with  a  solid 
concrete  floor  or  with 
iron  or  steel  joists 
(resting  on  the  bath 
wall  at  one  end  and 
in  the  wall  of  the 
building  at  the  other) 
surrounded  with  con- 
crete. This  floor  will 
give  additional  sta- 
bility to  the  wall  of 
the  bath.  The  over- 
flow water  from  the 
bath  is  shown  to 
pass  from  the  chan- 
nel, which  is  built 
into  the  facing  of  the 
wall  at  A,  by  means  of  a  pipe,  into  the  concrete  channel 
at  B.  The  latter  discharges  into  a  manhole  or  intercepting 
trap  outside  the  building. 

The  concrete  for  the  walls  and  floors  of  baths  should  be 
carefully  proportioned!  so  as  to  be  as  homogeneous  as 
possible,  and  should  be  covered  with  a  coat  of  cement 
mortar  (1  to  1  or  1  to  2).  After  this  has  been  done,  the 
bath  should  be  filled  with  water,  and  thoroughly  tested  as 
to  its  imperviousness.  If  this  be  perfect,  the  floor  can  be 
finished  with  strong  glazed  tiles,  bedded  inv  cement  mortar 
and  grouted,  and  the  walls  can  be  lined  with  single  glazed 
bricks,  also  bonded  with  cement  mortar  and  grouted.  The 
thickness  of  the  floor  of  the  bath  will  depend  largely  on 
the  nature  of  the  ground ;  it  ought  to  be  strong  enough 
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Fig.  53.— Section  through  Wall  and  Floor 
of  Swimming-bath. 
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to  prevent  unequal  settlement,  as  this  might  cause  cracks 
in  it  and  consequent  leakage. 

Retaining  Walls. — Concrete  is  excellently  adapted 
for  retaining  walls.*  It  may  be  used  alone  or  in  con- 
junction with  a  facing  of  stone  or  brick.  The  thickness  of 
retaining  walls  varies  not  only  according  to  their  height, 
but  also  according  to  the  nature  of  the  ground  behind 
them.  The  formulas  usually  adopted  for  calculating  the 
strength  of  brick  or  stone  walls  may  safely  be  used  for 
concrete.  The  following  constants  and  formula  are  ex- 
tracted from  Bivington's  "  Notes  on  Building  Construc- 
tion," Part  IV.,  to  which  valuable  work  the  reader  is 
referred  for  further  information. 

The  values  of  K  and  w  are  given  as  follows  for  different 
kinds  of  ground  : — 

Table  XXX— Constants  for  Retaining  Walls. 


Nature  of  Ground. 

Sand — dry  and  fine.  

wet  

very  wet   

Vegetable  Earth — dry   

dry  and  consolidated . 

moist   

very  wet    

Loamy  Earth — dry  and  consolidated  

Clay — dry  ,. 

damp,  but  well  drained   . . . .  i  

wet   

Gravel— clean  ,  

containing  sand  

Loose  Shingle  


K. 

wA 

•35  to  -40 

[80] 

.44 
•39 

|  [90—110] 

•41 

90 

•26 

•29  to  -26 

•52 

iib 

•33 

80—100 

•41 

•29 

120 

•53 

•27 

[100] 

•44 

112 

•33 

[100] 

*  See  Fig.  58,  p.  329. 

f  The  values  of  w  inserted  in  brackets  are  not  given  in  Kivmgton  s 
Notes." 
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Let  T  =  thickness  of  wall  with  both  sides  vertical, 

H  =  height  of  the  wall, 

W  =  weight  of  a  cub.  ft.  of  the  wall, 

w  —  „        „        „        „       earth  behind  the  wall. 

Then  for  walls  ivith  both  sides  vertical, 

T  =  K  x  H    J ^_   (XIII.) 

The  weight  of  different  kinds  of  concrete  was  given  in 
Table  XX.,  page  181;  8  to  1  Portland-cement  concrete 
(well  compressed)  weighed  144  lbs  per  cub.  ft.  with 
granite  as  the  aggregate,  142  lbs.  with  ballast,  130  lbs. 
with  Portland  stone  (and  strong  sand-stones  will  give 
about  the  same  result),  131  lbs.  with  flints,  and  129  lbs. 
with  pottery. 

For  walls  with  vertical  face  and  with  sloping  or  offset 
bade,  the  mean  thickness  may  be  six-sevenths  of  the  thick- 
ness calculated  by  the  formula. 

For  walls  with  battered  face  and  vertical  back,  the  mean 
thickness  may  be  six-sevenths  of  T  for  a  batter  of  1  in  12, 
four-fifths  of  T  for  a  batter  of  1  in  8,  and  three-fourths  of  it 
for  a  batter  of  1  in  6. 

These  calculations  are  all  for  walls  to  support  ground 
level  with  the  top  of  the  wall.  If  the  wall  is  carried 
higher  than  the  ground,  the  added  weight  of  the  upper 
part  will  allow  the  lower  to  be  made  correspondingly 
thinner.  If,  however,  the  ground  slopes  up  from  the  top 
of  the  wall,  the  additional  thrust  of  this  superincumbent 
material  will  require  the  wall  to  be  correspondingly 
thicker.  The  methods  of  calculating  the  thickness  of  such 
"  surcharged  revetments "  will  be  found  in  Rivington's 
"Notes,"  and  in  several  other  text-books,  and  need  not  be 
stated  here. 

An  example,  showing  the  use  of  formula  XIII.,  may  be 
advantageous  to  the  student. 

Find  the  thickness  of  a  concrete  wall  12  ft.  high  above 
the  footings,  required  to  support  a  bank  of  gravel  and 
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sand,  the  concrete  to  be  composed  of  Portland  cement,  sand 
and  gravel.  Then  according  to  the  Table,  K  =  -44,  and 
w  =  112  lbs.,  W  =  142  lbs.,  and  H  =  12  ft. 

Putting  these  figures  for  the  letters  in  the  formula,  we  get 

(1)  with  face  and  back  vertical  {Fig.  54), 

T  =  -44  x  12  x   A  Ai?  =  4-68  ft. 

V  142 

(2)  with  vertical  face,  and  sloping  or  offset  back  {Fig.  55), 

•    T  =  I  x  4-68  =  4-01  ft. 

(3)  with  vertical  back,  and  face  battered  1  in  8  {Fig.  56), 

T  =  i  x  4-68  =  3-74  ft. 

5 

These  walls  are  shewn  in  section  in  Figs.  54,  55,  and  5  6. 

Cracks. — To  prevent  cracks  from  expansion  and  con- 
traction, in  long  retaining  walls,  a  thin  strip  of  wood  or 
plate-iron  3  in.  or  4  in.  wide,  is  introduced  edgeways  into 
the  face-concrete  every  20  ft.  or  30  ft.,  and  is  withdrawn 
before  the  concrete  has  properly  set ;  this  forms  a  kind  of 
joint,  which  may  be  afterwards  filled  with  mortar. 

In  the  case  of  large  concrete  tanks  (say,  more  than  15  ft. 
long)  the  walls  should  be  protected  as  much  as  possible 
from  changes  of  temperature  by  forming  them  underground 
or  by  filling  around  them  with  earth  ;  under  such  circum- 
stances no  fear  of  cracks  from  contraction  need  be  enter- 
tained. Concrete  for  tanks  should  contain  sufficient  sand 
and  fine  aggregate  to  render  it  homogeneous,  and  should 
be  well  rammed,  but  in  addition  to  this  it  should  be  rather 
rich  in  cement  and  finished  with  a  thin  coat  of  cement- 
mortar  or  neat  cement.  Sometimes  large  underground 
reservoirs  have  been  formed  of  concrete,  with  concrete  piers 
at  intervals  supporting  arched  concrete  ceilings.  The 
whole  structure  can  then  be  covered  with  earth,  and  by 
this  means  protected  from  great  and  sudden  changes  of 
temperature. 
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External  Treatment. — If  the  concrete  is  well  made 
with  fine  aggregate  of  a  suitable  nature,  and  if  the  shutters 
are  smooth  and  true,  a  good  finish  can  be  obtained 
without  any  surface  coating.  Recessed  joints  may  be 
formed  as  explained  on  page  312,  and  the  faces  of  the 
blocks  may  be  tooled,  pitched,  picked,  or  finished  in  other 
ways,  exactly  like  ashlar. 

1.  Facing-concrete. — This  was  first  used  by  Mr.  T.  Dyke, 
who,  in  1869,  began  the  extension  of  the  breakwater  at 
Hartlepool  with  common  concrete  hearting  and  superior 
facing.  The  latter  consisted  of  one  part  Portland  cement 
and  four  parts  whinstone,  broken  in  a  Blake's  crusher  to 
|~in.  gauge.  The  face  of  the  wall  was  outlined  with 
standards  and  shutters,  and  within  these,  at  distances  of 
9  in.  and  18  in.  in  the  alternate  layers,  internal  partition- 
boards  were  placed  and  kept  in  position  by  distance  pieces 
extending  from  them  to  the  shutters.  The  common  con- 
crete was  deposited  and  rammed  within  the  internal  parti- 
tion-boards, while  immediately  afterwards  the  face-concrete 
was  deposited  and  rammed  between  the  partition-boards  and 
the  shutters.  The  partition-boards  were  then  withdrawn, 
and  the  two  concretes  were  united  by  ramming  along  the 
line  of  junction.    Each  layer  of  concrete  was  9  in.  thick. 

In  1874  Mr.  Bernays  adopted  the  same  plan  at  Chatham, 
using  a  1  to  12  concrete  for  the  hearting  or  backing,  and  a 
1  to  6  for  the  facing ;  the  latter  consisted  of  1  part  Port- 
land cement,  2  parts  sand,  and  4  parts  iron-furnace  slag 
broken  in  a  Blake's  crusher  to  about  f-in.  cubes.  The 
appearance  of  the  walls  is,  says  Mr.  Bernays,  far  from 
unpleasing  either  in  texture  or  colour,  the  surface  being 
"  invariably  left  with  all  imperfections,  as  it  appears  on  the 
removal  of  the  shuttering."  Mr.  Bernays  has  also  used 
facing-concrete  (without  plastering)  for  the  walls  of  water- 
tanks,  pump-wells,  &c,  and  for  the  exposed  surfaces  of 
coping,  steps,  curbs,  paving,  and  building-blocks.  The 
coping,  which  had  a  cross-section  of  4  ft.  x  2  ft.,  con- 
sisted of  1  part  Portland  cement  and  8  parts  gravel,  faced 
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on  the  top  and  two  sides  with  a  2 -in.  coat  of  cement  and 
broken  granite  (1  to  2).  The  building-blocks,  which 
measured  18  in.  x  9  in.  x  6  in.,  were  composed  of  cement 
and  gravel  (1  to  10),  faced  1  in.  thick  with  cement  and 
fine  gravel  (1  to  4).  The  surface  of  the  coping,  curbs,  &c, 
is  much  improved  by  being  dressed  with  a  diamond-pointed 
hammer ;  "  it  is  then  difficult  to  distinguish  the  concrete 
from  real  granite." 

In  all  cases  of  facing,  the  two  kinds  of  concrete  should 
be  put  in  as  nearly  as  possible  simultaneously,  in  order 
that  they  may  set  into  one  mass. 

2.  Rough-trowelling. — Most  frequently,  the  concrete  walls 
of  buildings  are  finished  with  some  kind  of  stucco  or  rough- 
cast. Mr.  Potter  recommends  for  common  work  the 
system  of  "rough  trowelling."  When  the  concrete  has 
thoroughly  set,  a  stiff  mortar  of  Portland  cement  and  clean 
sharp  sand  (about  1  to  3)  is  applied  with  a  plasterer's 
handfloat,  and  "  is  thoroughly  worked  into  the  crevices  of 
the  concrete,  but  leaving  no  body  or  coat  on  the  surface." 
After  being  smoothed  with  water  and  a  distemper-brush, 
the  work  is  complete. 

3.  Stucco. — A  proper  coat  of  Portland  cement  and  clean 
sharp  sand  (1  to  2  or  1  to  3)  is  most  frequently  employed 
for  the  external  faces  of  concrete  walls.  The  surface  of 
this  stucco  can  be  finished  in  different  ways  ;  if  a  wood 
float,  or  a  float  covered  with  felt,  be  used,  the  sand  is 
brought  to  the  surface,  and  a  rough  texture  is  the  result ; 
if  a  steel  float  or  trowel  be  used,  an  exceedingly  smooth 
surface  can  be  obtained  ;  if  after  floating  with  the  steel 
trowel  the  surface  be  finished  by  dabbing  the  trowel  on  it, 
a  medium  texture  is  obtained.  The  stucco  can  be  orna- 
mented by  impressed  designs,  by  raised  stencilled  patterns, 
by  moulded  cornices  and  architraves,  and  in  other  ways. 

4.  Colour. — Attempts  have  been  made  to  give  variety  to 
stucco  by  mixing  different  colouring  matters  with  the  dry 
material,  but  in  all  such  attempts  there  is  a  danger  of  the 
setting  properties  of  the  cement  being  injured,  and  the 
further  disadvantage  that  the  stucco   may   prove  very 
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uneven  in  colour.  Considerable  variety  could  safely  be 
given  by  the  use  of  different  coloured  sands ;  but  where 
these  are  not  available  other  substances  would  have  to  be 
tried.  Mr.  Rowland  Plumbe  says  that  a  dark  red  colour 
can  be  obtained  by  the  use  of  purple-brown  (oxide  of  iron), 
light  red  by  Venetian  red,  blue  by  German  ultramarine,  and 
black  by  black  manganese ;  the  proportion  he  recommends 
is  one  cement,  two  sand,  and  one-tenth  colouring  matter. 

Colour  effect  can  also  be  obtained  by  means  of  good 
washable  distemper  such  as  the  well-known  "  Duresco,"  or, 
of  course,  by  painting,  but  the  expense  of  continual  colour- 
ing and  painting  would  be  a  drawback  to  the  use  of 
concrete  and  stucco. 

5.  Rough-cast. — The  good  effect  of  a  "rough-cast"  of  pink 
and  grey  granite  chips  on  the  bridges  at  Croft  has  already 
been  mentioned.  When  rough-cast  and  "  rough-trowelling " 
are  adopted,  the  angles  of  the  buildings  and  of  all  voids 
are  sometimes  finished  with  plain  or  moulded  bands  of 
cement  a  few  inches  wide,  unless  "artificial  stone"  or 
other  dressings  are  employed. 

6.  Sgraffito.—  Sgraffito  work  is  another  method  of 
decorating  a  concrete  wall.  It  was  tried  at  South  Kensington. 
A  wall  was  covered  with  Portland  cement  coloured  black, 
and  on  this  a  thin  coat  of  Portland-cement  stucco  was  laid' 
m  which  the  design  was  scratched.  After  some  years 
moisture  got  between  the  two  coats,  and  the  outer  one 
peeled  off.  Sgraffito  has,  however,  been  successfully 
employed  in  other  buildings,  especially  in  small  panels, 
pediments,  &c. 

7.  Half-timber  work. — The  attachment  of  oak  or  other 
wood  face-boards  about  1  in.  thick  to  the  face  of  con- 
crete walls,  in  imitation  of  half-timber  work,  has  been 
advocated  and  tried.  The  panels  thus  formed  can  be 
finished  with  stucco  or  rough-cast.  The  face-boards  can  be 
attached  to  fixing-blocks  inserted  in  the  concrete  as  it  is 
being  deposited.  This  mode  of  decoration  seems  to  be  the 
outcome  of  a  prize  offered  by  The  Building  Neivs  some  years 
ago  for  the  best  design  for  a  concrete  villa. 
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Of  course,  it  will  be  said  that  this  method  of  decoration 
is  a  sham  ;  so,  we  may  say,  is  much  of  the  "  half-timber 
work  "  used  nowadays,  for  it  is  frequently  merely  a  way  of 
facing  a  brick  walJ.  And,  indeed,  if  we  will  be  honest  with 
ourselves,  we  must  confess  that  shams  exist  largely  in  all 
our  buildings,  and,  as  a  rule,  the  richer  the  building  the 
greater  the  shams.  But  a  great  deal  of  rubbish  has  been 
spoken  and  written  on  this  same  subject  of  shams. 

Sometimes  the  panels  of  proper  half-timbered  structures 
have  been  formed  with  concrete,  temporary  face-boards 
having  been  screwed  to  the  framework  to  receive  it.  The 
sides  of  the  framing  should  be  grooved  to  afford  a  key  for 
the  concrete. 

8.  Brick  and  Stone. — Many  concrete  walls,  especially 
dock-walls  and  other  heavy  engineering  works,  are  faced 
with  brick  or  stone  bonding  into  the  concrete ;  in  the  case 
of  brickwork,  it  may  be  laid  in  groups  of  courses  about 
18  in.  deep,  the  groups  being  alternately  (say)  9  in.  and 
18  in.  on  bed.  For  the  walls  of  buildings,  a  4|-in.  brick 
facing  has  sometimes  been  used,  tied  to  the  concrete  by 
means  of  hoop  iron,  or  other  metal  ties. 

A  new  kind  of  brick  has  just  been  invented  for  facing 
concrete  walls,  and  for  forming  the  soffits  of  arched  concrete 
floors.  The  bricks  are  known  as  Shoppee's  patent,  and 
their  peculiarity  consists  in  having  dove-tailed  grooves  at 
the  back,  which  form  a  key  for  the  concrete  behind. 

9.  Tiles,  &c. — The  exterior  of  concrete  walls  may  be 
covered  wholly,  or  in  parts  for  the  sake  of  variety,  with 
ordinary  roofing  tiles  secured  to  laths,  which  may  be  nailed 
to  fixing-blocks. 

Some  of  the  forms  of  artificial  stone,  such  as  modelled 
panels,  balusters,  finials,  coping,  &c,  furnish  a  ready  means 
of  decorating  concrete  buildings.  So  also  do  tiles  of 
various  kinds,  plain  or  ornamental,  glazed  or  unglazed ; 
modelled  and  moulded  panels  of  terra-cotta  can  also  be  con- 
veniently inserted.  Prof.  Aitchison  mentions  a  palace  in 
Berlin  which  is  faced  with  unglazed  paving  tiles,  and  has 
window-dressings  of  majolica,  and  a  frieze  of  glass-mosaic. 
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CONCRETE  BLOCKS,  ARTIFICIAL  STONE,  &c. 

In  engineering  works,  concrete  blocks  of  enormous  size 
are  sometimes  used,  and,  employed  in  this  way  in  the  sea, 
they  have  several  advantages  over  concrete  deposited  in 
situ.  But  for  buildings,  concrete  blocks  must  necessarily 
be  small,  and  they  are  therefore  very  expensive  when  com- 
pared with  monolithic  concrete. 


Fig.  57. — Concrete  Blocks  for  Scarborough  Sea-wall. 

For  facing  the  walls  of  promenades  and  sea-walls,  concrete 
blocks  of  moderate  size  are  often  employed,  as  these  have  a 
better  appearance  than  the  plain  surface  of  concrete  as  left 
by  the  shutters.  The  joints  between  the  blocks  also  allow 
for  expansion  and  contraction,  and  so  prevent  cracks  from 
disfiguring  the  walls.  Blocks  have  the  further  advantage 
that,  as  they  are  kept  some  time  before  being  placed  in  posi- 
tion, any  defective  concrete  is  discovered  during  that  time. 
Fig.  57  shows  the  concrete  blocks  used  in  the  face  of  the 
Scarborough  sea-wall.*  The  blocks  measure  about 
24  in.  X  12  in.  x  12  in.,  and  have  triangular  grooves  in 

*  See  Paper  by  Mr.  VVhateley  Eliot  in  Proceedings  of  the  List. 
Ct  Et)  1890-1,  part  iii.  * 
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their  ends,  and  a  chamfer  \\  in.  wide  around  the  face  of 
each ;  they  were  made  of  1  part  Portland  cement,  2  parts 
sand,  and  4  parts  shingle,  faced  at  the  same  time  2  in.  thick 
with  1  part  cement  and  2  parts  shingle,  passed  through  a 
J-in.  sieve  and  having  all  fine  sand  removed.  They  were 
kept  one  month  before  being  placed  in  the  wall,  and  were 
then  set,  in  alternate  courses  of  headers  and  stretchers,  in 
Portland-cement  mortar  (1  to  2) ;  the  joints  were  well 
grouted,  and  in  this  way  the  blocks  were  dowelled  together 
by  means  of  the  triangular  grooves. 

The  river- wall  adjoining  the  Thames  at  Fulham  is  of 
concrete,  faced  in  part  with  concrete  blocks.  The  wall  is 
9  ft.  thick  at  the  base,  18  in.  at  the  coping,  and  about 
20  ft.  high.  Above  the  river-bed  it  is  faced  with  concrete 
blocks.  The  work  was  well  described  by  its  designer,  Mr. 
J.  P.  Norrington,  the  Surveyor  to  the  Vestry  of  Fulham,  in 
a  paper  which  was  read  by  him  to  the  members  of  the 
Incorporated  Association  of  Municipal  and  County  Engineers, 
and  printed  in  The  Builder  for  March  11,  1893.  The 
accompanying  figure  is  reproduced  from  The  Builder.  The 
concrete  in  mass  was  specified  to  consist  of  1  part  Portland 
cement  (severely  tested,  and  stored  in  bulk  for  2 1  days),  and 
5  parts  Thames  ballast,  mixed  with  clean  water  from  a 
water-company's  supply,  as  Thames  water  would  not  be 
allowed.  The  blocks  were  to  have  a  facing  6  in.  thick,  com- 
posed of  1  part  Portland  cement  and  3  parts  Thames 
ballast  passed  through  a  f -in.  sieve  ;  the  remaining  portions 
of  the  blocks  were  to  be  of  1  cement  and  5  ballast  passed 
through  a  1  J-in.  sieve.  They  were  to  be  cast  in  wood  moulds 
of  the  shape  shewn  in  the  drawings,  the  parts  of  the  moulds 
fashioning  the  faces  and  chamfered  edges  of  the  blocks  to  be 
"  of  planed  and  well-oiled  American  white  wood."  A  dove- 
tailed-shaped  groove  was  to  be  formed  "  on  each  side  of  each 
block,"  so  that  grout  (1  cement  and  1  sand)  could  be  run 
in  to  form  a  dowel.  In  filling  the  moulds  great  care  was 
to  be  taken  that  the  two  kinds  of  concrete  did  not  "mix," 
while  at  the  same  time  "  the  combination  of  the  two  layers 
into  one  block  "  was  to  be  "perfect."    The  blocks  were  to 
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remain  in  the  moulds  for  not  less  than  7  days,  and  were  to 
be  stacked  (in  such  a 
manner  that  air  could 
pass  freely  around 
them)  for  a  further 
period  of  21  days  be- 
fore being  used. 

The  concrete  mass 
forming  the  base  of  the 
wall  was  to  be  depo- 
sited in  layers  not 
more  than  24  in.  thick, 
and  a  V-shaped  grip  or 
groove  12  in.  wide  and 
12  in.*  deep  was 
be  left  or  formed 
the  middle,  so  as  to 
form  a  key  to  the  next 
layer,'7 

The  blocks  were  to 
be  laid  in  courses, 
alternately  15  mid  21 
in.  on  bed,  each  being 
laid  in  cement  mortar 
(1  to  3) ;  the  joints 
were  not  to  exceed  -|  in. 
in  thickness,  and  were 
to  be  pointed  with  neat 
cement.  Each  course 
of  blocks  was  to  be 
backed  up  with  the 
mass  concrete  as  soon 
as  possible. 

"  It  was  found, "  said 
Mr.  Norrington,  "that 
the  faces  of  the  blocks 


Fig.  58.— River- Wall  at  Fulham  faced 
with  Concrete  Blocks. 


*  This  is  as  printed  in  The  Builder,  but  it  is  probable  that  it  is  an 
error,  and  that  the  depth  should  be  6  in. 


330 


CONCRETE. 


when  first  made  were  full  of  small  holes,  owing  to  the  air 
imprisoned  in  the  process  of  filling  the  moulds,  and  they 
have  all  been  rubbed  with  grit  stone  and  trowelled  over 
with  a  little  fine  sifted  neat  cement.  Only  sufficient  cement 
has  been  used  so  as  to  fill  up  the  holes,  and  no  additional 
face  has  been  put  on  the  blocks." 

These  "  pinholes  "  are  frequently  seen  in  concrete  blocks 
of  all  kinds,  but  they  are  caused  by  using  too  much  water  in 
the  concrete,  a  common  fault, — and  not  by  imprisonment  of 
air,  as  Mr.  Norrington  suggests. 

Concrete  blocks  have  also  been  used  in  the  form  of 
voussoirs  for  large  railway  arches  and  the  like.  The 
Wallabrook  Viaduct  on  the  Plymouth,  Devonport  and  South- 
West  Junction  Railway  has  seven  arches,  each  50  ft.  span, 
built  of  concrete  voussoirs  ;  the  concrete  consisting  of  1  part 
Portland  cement,  \\  parts  sand,  and  4  parts  broken  stone. 
The  Shillamill  Viaduct  on  the  same  railway  has  twelve 
semi-circular  arches  of  similar  span  and  construction.* 

Many  patents  have  been  taken  out  for  concrete  building- 
blocks  of  various  kinds,  Z-shaped,  hollow,  &c,  but  they  are 
not  often  used,  chiefly  on  account  of  their  cost.  Building 
by  means  of  blocks  is  expensive  for  two  reasons, — the 
blocks  cannot  be  of  large  size,  and  they  require  skilled 
labour  to  lay  them. 

Concrete  "dressings,"  however,  are  largely  made,  and  can 
be  used  in  combination  with  concrete  deposited  in  mass. 
Steps,  mullions,  transomes,  heads,  sills,  string-courses, 
panels,  &c,  moulded  and  enriched  as  required,  can  be 
obtained  in  various  colours, — red,  buff,  brown,  and  grey. 
Concrete  blocks  of  this  kind  are  frequently  known  by  the 
name  of  artificial  stone,  or  by  some  special  name.  Some  of 
the  buff  varieties  look,  at  the  first  glance,  like  natural 
sandstone. 

Artificial  stone  is  true  in  line,  and  much  of  it  is  extremely 
durable.  Inferior  kinds  often  shew  fine  "hair-cracks," 
which  are  caused  by  the  use  of  cement  not  sufficiently 
air-slacked,  or  by  excess  of  cement  in  the  surface-coat. 

*  The  Engineer,  May  30,  1890. 
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The  variety  of  uses,  to  which  concrete  or  artificial  stone 
has  been  put,  is  surprising.  There  are  Allen's  concrete 
lintels,  Edwards's  concrete  joists  and  studs,  Brandon's 
"  Stone-Felt "  fire-proof  doors,  and  other  examples,  all  con- 
taining iron  rods  to  give  additional  strength.  There  are 
also  concrete  sinks,  drinking-troughs,  ridge-tiles,  and  even 
telegraph  poles,  the  last  being  tapering  tubes,  the  walls  of 
which  are  formed  with  wire  netting  embedded  in  concrete 
about  an  inch  thick.  In  America  and  Germany  hollow 
concrete  blocks  have  been  used  for  fire-resisting  floors. 

Indeed  a  quite  bewildering  number  of  patents  for  artificial 
stone  have  been  taken  out,  but  not  many  of  them  have  been 
successful  or  profitable. 

We  may  just  mention  the  artificial  stone  of  Messrs.  W. 
H.  Lascelles  k  Co.,  known  as  "Lascelles'  Concrete,"  which 
has  been  used  by  many  eminent  architects,  including  Mr. 
Waterhouse,  Mr.  Christian,  and  Sir  A.  W.  Blomfield.  It  is 
made  in  three  colours, — red,  buff,  and  grey, — and  can  be 
obtained  in  the  form  of  balustrades,  cornices,  plinths, 
copings,  sills,  heads,  columns,  pilasters,  finials,  and  indeed  in 
nearly  every  form  for  which  stone  can  be  employed. 

The  Croft  Granite,  Brick  and  Concrete  Co.  also  makes  dif- 
ferent kinds  of  architectural  features  and  dressings,  in  various 
colours.  Among  other  things,  they  manufacture  small 
coloured  tiles  with  impressed  patterns,  suitable  for  wall 
decoration.  One  kind  of  tile  is  really  of  considerable 
artistic  merit ;  it  is  made  of  Portland  cement  and  the  finest 
dust  formed  in  crushing  their  syenite.  These,  together  with 
a  small  quantity  of  colouring  matter,  are  mixed  and 
thoroughly  pressed  into  a  polished  metal  mould  which  has 
a  very  slightly  impressed  floral  design. 

The  resultant  tiles,  which  are  about  12  or  15  in.  square, 
ring  almost  like  pottery  when  struck,  and  have  a  smooth 
shining  surface  with  the  floral  design  in  the  lowest  possible 
relief.  They  can  be  used  for  the  panels  of  dadoes,  chimney- 
pieces,  &c. 

The  same  company  makes  concrete  posts  about  9  in. 
square,  to  fit  into  concrete  sockets  which  are  embedded  in 
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the  ground  \  holes  are  left  through  the  posts  to  receive 
wrought  iron  pipes.  These  make  a  firm  and  durable  fence. 
The  posts  cannot  rot  like  wooden  ones,  and  do  not  require 
painting. 

Messrs.  F.  Rosher  k  Co.  issue  a  large  catalogue  contain- 
ing many  excellent  examples  of  their  artificial  stonework,  in 
the  form  of  balusters  and  other  architectural  features, 
fountains,  statues,  vases,  &c. 

Messrs.  Fambrini  &  Daniel,  of  Linco7  ,  make  an 
"  imperishable  red  concrete,"  and  mould  it  into  a  large 
variety  of  architectural  features,  such  as  cornices,  strings, 
modelled  panels. 

The  manufacture  of  artificial  stone,  however,  although  it 
is  invariably  a  kind  of  concrete,  and  most  frequently  a  Port- 
land-cement concrete,  is  beyond  the  scope  of  this  work. 

Fire-resisting  Partitions. — Concrete  blocks  are  frequently 
used  in  the  construction  of  fire-resisting  partitions.  Plaster 
of  Paris  is  more  commonly  adopted  than  Portland  cement, 
as  it  is  cheaper  and  lighter.  A  light  aggregate  is  also 
selected,  such  as  coke-breeze,  and  in  some  cases  saw-dust 
is  added  or  small  fragments  of  cork.  Many  of  these  parti- 
tion-blocks have  been  patented,  the  principal  difference 
being  in  the  method  of  jointing.  In  the  "Mack"  partitions, 
the  blocks  are  6  ft.  long  and  12  in.  high,  and  range  in 
thickness  from  2  to  4  inches.  Semi-circular  grooves  are 
formed  in  the  edges  of  the  slabs  along  the  two  ends  and 
one  side,  and  a  convex  tongue  along  the  other  side.  The 
horizontal  joints  may  therefore  be  described  as  tongued 
and  grooved ;  the  vertical  joints  are  grouted  with  plaster, 
which  fills  the  circular  hole  formed  by  the  two  adjacent 
grooves.  In  some  of  the  Mack  slabs,  reeds  are  embedded 
horizontally  to  reduce  the  v  eight,  and  to  render  the  parti- 
tions more  sound-resisting.  In  some  kinds  of  slab,  holes 
are  formed  at  intervals  throughout  the  entire  length. 

In  H.  Gust  &  Co.'s  "Fireking"  partition,  which  has 
recently  been  tested  with  satisfactory  results  by  the  British 
Fire  Prevention  Committee,  the  slabs  are  of  plaster  of 
Paris  and  coke-breeze  in  equal  proportions,  and  the  surfaces 
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are  grooved  to  afford  a  key  for  a  thin  finishing  coat 
of  plaster.  The  edges  are  grooved  and  corrugated, 
and  form  an  excellent  joint  when  run  with  plaster; 
but  the  principal  feature  of  this  partition  is  the  re- 
inforcement of  iron  wires.  In  the  case  of  a  partition 
between  two  brick  walls,  holdfasts  are  driven  or  built 
into  the  brickwork,  and  horizontal  wires  are  attached 
to  these  at  the  levels  of  the  bed  joints  of  the  slabs; 
short  vertical  wires  are  attached  to  the  horizontal  wires 
at  the  end  joints,  the  slabs  being  laid  "to  break 
joint."  The  wires  are  laid  in  the  grooved  edges  of  the 
slabs,  and  are  entirely  embedded  in  the  plaster  used  in 
making  the  joints.  For  attaching  the  horizontal  wires  to 
iron  or  steel  columns  and  stanchions,  the  metal  is  tapped 
and  a  screwed  eye  inserted.  Special  arrangements  are 
adopted  for  angles,  openings,  &c.  An  important  advantage 
of  this  method  of  construction  is  that  the  weight  of  the 
partition  is  almost  wholly  supported  by  the  walls  to  which 
it  is  connected. 

Monolithic  concrete  partitions  are  built  between  wooden 
shuttering  in  the  manner  described  for  walls.  Partitions 
of  this  kind,  reinforced  with  horizontal  and  vertical  wires, 
are  sometimes  only  2  in.  thick. 
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ARMOURED  OR  REINFORCED  CONCRETE. 
1.  Introductory. 

0 

In  previous  chapters  mention  has  been  made  of  some 
of  the  methods  adopted  for  increasing  the  strength  of 
concrete  structures  by  means  of  iron  or  steel  rods,  bars, 
or  meshwork,  but  it  may  be  useful  to  give,  in  a  separate 
chapter,  a  fuller  account  of  this  important  subject. 
Various  names  have  been  suggested  for  this  type  of  con- 
struction, the  most  important  being  "  Armoured  Concrete  " 
and  "  Reinforced  Concrete  "  ;  neither  is  entirely  satisfactory, 
but  the  latter  is,  perhaps,  the  better  of  the  two.  "  Ferro- 
concrete "  is  a  more  descriptive  name,  which  is  sometimes 
used.  The  terms  are  restricted  to  combinations  of  concrete, 
and  iron  or  steel,  in  which  the  metal  is  used  in  small  sections 
disposed  in  such  a  manner  as  to  give  the  greatest  increase 
of  strength  with  the  smallest  amount  of  material.  We 
have  seen  that  concrete  offers  a  much  smaller  resistance  to 
tension  than  to  compression,  and  as  a  rule,  the  iron  is 
inserted  in  that  part  of  the  concrete  which  will  be  subjected 
to  a  tensile  stress,  the  part  in  compression  being  left  with- 
out any  reinforcement.  Occasionally,  however  —  as  in 
columns  and  walls — the  resistance  of  the  concrete  under 
compression  is  also  increased  by  inserted  metal.  When  this 
method  of  construction  was  introduced,  fears  were  expressed 
that  such  dissimilar  materials  as  concrete  and  iron  would 
not  work  in  harness  together,  but  it  has  now  been  demon- 
strated that  the  fears  were  greater  than  the  case  warranted. 
The  practical  application  of  the  theory  of  reinforcement 
during  the  last  ten  or  twenty  years,  both  in  Europe  and 
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America,  has  clearly  shown  that  the  two  materials  can  with 
safety  and  economy  be  used  in  conjunction,  and  that  each 
will  bear  its  proper  share  of  the  load,  if  due  precautions  are 
taken.  Reinforced  concrete  is  not  only  stronger  than 
concrete  alone,  but  has  a  greater  deflection  before  rupture, 
and  therefore  does  not  fail  under  heavy  loads  without 
warning  ;  it  is  also  less  liable  to  collapse  in  case  of  fire. 

2.  Beams,  Floors  and  Roofs. 

Stresses  and  Reinforcement. — In  a  beam  supported  at  the 
ends,  the  lower  portion  is  in  tension  and  the  upper  in 
compression.  The  tension  reinforcement  will  therefore 
be  required  near  the  soffit.  The  thickness  of  the  concrete 
below  the  reinforcement  will  be  largely  governed  by  the 
degree  of  fire  resistance  desired. 

In  a  beam  fixed  at  one  end  only  (i.e.,  a  cantilever),  the 
upper  part  is  in  tension,  and  the  tension  reinforcement 
must  be  near  the  upper  surface. 

In  a  beam  fixed  at  both  ends,  the  lower  portion  is  in 
tension  in  the  central  part  of  the  span,  and  the  upper 
in  tension  near  the  supports.  If  such  a  beam  is  uniformly 
loaded,  the  points  of  change  from  lower  to  upper  tension 
(known  as  the  points  of  contra-flexure)  will  be  at  a  distance 
of  \  of  the  span  from  each  support.  The  position  of  the 
points  will,  however,  vary  with  unequal  loading.  In  beams 
of  this  kind,  it  is  customary  to  continue  the  lower  tension- 
rods  to  the  points  of  support,  and  to  insert  upper  tension- 
rods  from  each  support  to  a  distance  of  about  three  inches 
beyond  the  nearest  point  of  contra-flexure. 

In  beams  continuous  over  one  or  more  points  of  support, 
a  similar  variation  of  the  stresses  occurs,  the  points  of  contra- 
flexure  varying  with  the  number  of  the  supports  and  the 
distribution  of  the  load.  It  is  therefore  necessary  to  insert 
upper  tension-rods  extending  over  the  supports  to  (or  rather 
beyond)  the  points  of  contra-flexure,  in  addition  to  the  lower 
tension-rods,  which  take  up  the  tension  in  the  central 
portions  of  the  spans. 
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Short  rods  are  sometimes  inserted  at  the  points  of 
support  to  give  additional  resistance  to  the  shearing 
stresses. 

Floors  are  generally  regarded  as  beams  fixed  or  supported 
at  the  two  ends,  no  allowance  being  made  for  any  increase 
of  strength  due  to  the  supporting  of  the  two  sides.  This 
method  of  calculation  is  adopted  because  the  reinforcement 
is  not,  as  a  rule,  equally  strong  in  both  directions,  and  also 
because  the  increase  of  strength  due  to  the  fixing  or 
supporting  of  the  sides  still  requires  elucidation  ;  in  square 
slabs,  the  increase  of  strength  will  be  considerable,  if  the 
reinforcement  is  equally  strong  in  both  directions,  but  the 
more  the  width  is  increased  in  proportion  to  the  span, 
the  less  will  the  increase  be.  It  is  safer  to  regard  floors 
as  beams,  and  to  insert  the  tension-rods  in  the  positions 
indicated  above. 

Stuart's  Armoured  Concrete. — In  the  Monier  system, 
which  was  one  of  the  earliest,  round  iron  rods  are  used,  but 
before  Monier's  invention  was  known  in  this  country,  a 
similar  method  of  reinforcement  had,  it  is  said,  been  adopted 
by  Stuart's  Granolithic  Stone  Co.  Many  of  the  floors 
constructed  by  this  firm  have  been  a  source  of  wonder  to 
architects  and  others,  who  were  under  the  impression  that 
the  floors  consisted  of  concrete  only ;  the  fact  is  that  they 
were  reinforced  with  iron  rods.  Numerous  tests  have  been 
made  of  reinforced  Granolithic,  but  the  most  instructive 
are  those  carried  out  (on  behalf  of  Sir  Benjamin  Baker 
and  his  partner,  Mr.  Basil  Mott)  for  the  London  Central 
Railway  Co.  Eight  beams  were  tested  in  1903-4,  namely, 
six  with  round  rods,  one  with  expanded  metal,  and  one 
with  barbed  wire.  The  last  proved  to  be  a  failure.  The 
tests  with  round  rods  are  given  in  Table  XXXI.,  Nos.  1  to  6  ; 
Nos.  1  to  4  consisted  of  one  part  of  cement  to  three  parts 
of  crushed  granite  (by  measure),  reinforced  with  six  f-in. 
round  tension-rods  of  the  same  length  as  the  beams,  and 
with  similar  rods  1  ft.  6  in.  long  laid  transversely  and 
wired  to  the  longitudinal  rods  with  No.  22  gauge  wire;  in 
No.  5  four  parts  of  crushed  granite  were  mixed  with  one 
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part  of  cement,  and  nine  J-in.  rods  7  ft.  6  in.  long  and  eight 
5  ft.  6  in.  long  were  used  ;  No.  6  was  similar  in  every  respect, 
except  that  carefully-prepared  Thames  ballast  was  used 
instead  of  crushed  granite.  No.  7  is  the  record  of  a  reinforced 
Granolithic  beam  tested  in  1904  by  David  Kirkaldy  and 
Sons ;  it  was  composed  of  cement  and  crushed  granite 
(1  to  3),  and  was  reinforced  with  three  ||-in.  round  rods  in 
the  upper  or  compression  side  and  six  -|-in.  square  rods  in  the 
lower  or  tension  side,  the  latter  being  in  two  planes,  four 
near  the  soffit  and  two  above.  In  order  that  the  figures 
may  be  more  conveniently  compared  with  those  in  preceding 
tables,  I  have  converted  the  breaking  loads  into  cwts. ;  I 
am  also  responsible  for  all  the  figures  in  columns  4,  10,  11 
and  13. 

The  co-efficients  or  constants  in  column  13  of  Table  XXXI. 
may  be  compared  with  those  for  simple  concrete  beams, 
given  in  Table  XXII.,  pp.  190 — 191,  but  the  enormous 
increase  of  strength  due  to  the  reinforcement  will  be  more 
correctly  appreciated  by  comparison  with  the  following 
record  of  tests  of  Granolithic  beams  in  which  iron  was  not 
introduced.  Six  Granolithic  paving  slabs  were  tested  by 
Kirkaldy  in  1902  ;  the  clear  span  was  24  in.,  mean  breadth 
23*85  in.,  mean  depth  2*1  in.,  and  mean  central  breaking 
load  2,173  lb.  Allowing  for  the  weight  of  the  material, 
we  obtain  3*66  as  the  mean  value  of  C,  which  is  less  than 
one-eighth  of  the  lowest  value  for  the  reinforced  concrete. 

It  will  be  useful  to  ascertain  if  the  breaking  weights 
recorded  in  Table  XXXI.  coincide  with  the  results  obtained 
by  theoretical  calculations  on  the  lines  indicated  in 
Chapter  XVII.  The  tensile  strength  of  the  concrete  will 
not  be  taken  into  consideration.  The  crashing  strength  of 
Granolithic  has  been  tested  by  Kirkaldy  at  various  times. 
The  mean  of  six  tests  of  2-in.  cubes  was  217  tons  per 
sq.  ft.  We  will  assume  that  the  crushing  resistance 
of  good  Granolithic  at  the  age  of  the  beams  tested  is 
200  tons  per  sq.  ft.,  or  (say)  3,000  lb.  per  sq.  in. 
This  is  the  maximum  stress  on  the  upper  side  of  the 
beam ;  the  mean  stress  will  be  one-half,  namely,  1,500  lb. 
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per  sq.  in.  The  tensile  resistance  of  the  steel  rods 
is  about  30  tons,  or  67,200  lb.  per  sq.  in.,  and  as 
the  rods  are  of  small  diameter  and  in  one  plane,  the  full 
resistance  is  available.  In  the  tests  numbered  1  to  4, 
the  total  sectional  area  of  the  six  longitudinal  rods  is 
|  sq.  in.  If  the  neutral  axis  is  assumed  to  pass 
through  the  centre  of  the  beam,  the  area  under  compression 
will  be  (for  beams  1  and  3)  19  in.  X  1J  in.  =  23|  sq.  in., 
and  the  available  resistance  to  compression  will  be  23 §  sq. 
in.  x  1,500  lb.  =  35,625  lb.  The  ultimate  resistance  of 
the  tension-rods  will  be  §  sq.  in.  X  67,200  lb.  =  44,800  lb. 
As  these  resistances  are  unequal,  it  is  probable  that  the 
position  of  the  neutral  axis  does  not  accord  with  the 
assumption. 

To  find  the  position  of  the  neutral  axis,  we  will  assume 
that  the  centre  line  of  the  tension-rods  is  at  one-sixth  of  the 
depth  measured  from  the  soffit  upwards,  =  *416  in.  Let 
=  the  distance  of  the  neutral  axis  from  the  upper 
surface  of  the  beam ;  then,  the  breadth  of  the  beam  being 
19   in.,   (compression)    19   x   X    1500  lb.   =  (tension) 

44,800 

44,800  lb.  and  x  =  19      150Q  =  1*572  in. 

The  centre  of  pressure  in  the  compression  area  is  |  of 
1-572  in.  =  1*048  in.,  above  the  neutral  axis,  and  the 
centre  oftherodsis  2*5  —  1*572  —  *416  =  *512  in.  below 
the  neutral  axis.  The  arm  of  the  couple  is  1*048  +  *512 
=  1*56  in.,  and  the  moment  of  resistance  is  the  product 
of  this  and  one  of  the  resistances,  thus,  compression, 
19  x  1*572  x  1500  x  1*56  =  69,891  inch-lb.,  or 
tension,  §  X  67,200  x  1*56  =  69,888  inch-lb. 

The  bending  moment  of  a  beam  uniformly  loaded,  and 

WL 

supported  at  the  ends  is  — g-,  and  as  the  bending  moment 

equals  the  moment  of  resistance,  we  obtain  the  follow- 

W  x  84 

ing  equation,  L  being  84  in.,   ^         =  69,888,  and 

w  =  69'888  X  8  =  6,656  lb.  =  59-4  cwt. 
64 

z  2 
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This  is  almost  exactly  the  same  as  the  actual  breaking 
weights  recorded  in  column  1 1  of  the  Table,  namely,  59  cwt. 
for  beam  No.  1,  and  60*2  for  No.  3. 

In  the  case  of  beams  2  and  4,  which  are  only  2  in. 
thick,  the  neutral  axis,  if  the  same  method  of  calcula- 
tion is  adopted,  will  fall  within  the  thickness  of  the 
rods.  As  the  rods  are  inserted  merely  for  resisting  tension, 
the  beams  are  not  correctly  proportioned,  unless  we  have 
over-estimated  the  tensile  resistance  of  the  steel  or  under- 
estimated the  compressive  resistance  of  the  concrete. 
Assuming  that  the  neutral  axis  touches  the  upper  side  of 
the  rods,  we  find  that  the  breaking  weight  will  be  39*1  cwt., 
if  calculated  from  the  resistance  of  the  concrete,  and 
42*5  cwt.,  if  calculated  from  the  resistance  of  the  rods. 
In  a  theoretical  investigation,  the  smaller  of  these  would 
be  assumed  to  be  correct.  It  accords  very  closely  with  the 
actual  breaking  weight  of  beam  No.  2.  The  theoretical 
breaking  weight  of  42*5  cwt.,  the  larger  of  the  two 
mentioned  above,  would  be  obtained  from  the  concrete,  if 
its  resistance  to  compression  were  12  per  cent,  more  than 
the  1,500  lb.  per  sq.  in.  allowed  in  the  calculations.  This 
is  a  very  small  difference  in  the  case  of  such  a  variable 
material  as  concrete.  But  even  if  this  additional  resistance 
is  admitted,  the  theoretical  breaking  weight  of  42*5  cwt.  is 
about  10  per  cent,  less  than  the  actual  breaking  weight  of 
beam  No.  4,  which  certainly  gave  exceptionally  good  results. 

Beams  5  and  6  were  prepared  and  tested  for  the  pur- 
pose of  comparing  the  strength  of  granite  and  Thames 
ballast,  the  result  being  in  favour  of  the  latter.  The 
ballast  was  carefully  washed,  the  excess  of  sand  being 
eliminated,  and  the  flints  being  broken  and  screened 
through  a  £-in.  mesh  sieve. 

Test  No.  7  shows  that  reinforced  concrete  is  adapted  for 
use  in  the  form  of  lintels  and  girders.  The  reinforced  beam, 
12  in.  broad,  15  in.  deep,  and  with  a  clear  span  of  10  feet, 
broke  under  a  load  of  about  37  tons,  and  is  therefore  equal 
in  strength  to  a  rolled  steel  joist  9  in.  X  4  in.  X  21  lb. 
per  foot. 
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Eeinforced  concrete  beams  are  now  employed  in  the 
construction  of  floors.  A  floor  of  this  kind  was  made  by 
Stuart's  Granolithic  Stone  Co.,  and  tested  by  W.  H. 
Thomas,  M.  Inst.  C.E.  The  slab  measured  19  ft.  2  in.  x 
13  ft.  1  in.  X  3  in.,  and  was  supported  on  all  sides  with 
clear  spans  of  18  ft.  6  in.  longitudinally,  and  12  ft.  2  in. 
transversely.  Under  the  centre  of  the  slab,  transversely,  a 
reinforced  concrete  beam  was  formed,  9  in.  broad,  and 
13lf  in.  deep  below  the  slab.  The  floor  was  first  loaded 
on  May  18th,  1894  ;  on  June  28th,  under  a  distributed 
load  of  15  tons,  the  deflection  at  the  centre  of  each  bay 
was  -^q  in.  ;  on  July  4th,  load  20  tons,  deflection  ^  in. ; 
on  July  9th,  load  37  tons,  deflection  §  in.  ;  on  October  9th 
the  load  was  increased  to  64  tons.  The  weight  of  the 
slab  and  binder  was  "about  5  tons,"  so  that  the  total 
distributed  load  was  69  tons,  or  6*1  cwt.  per  sq.  ft.,  and 
this  load  was  carried  without  failure.  The  details  of  the 
reinforcement  are  not  stated. 

The  "  Ransome  "  Floors. — In  the  United  States  of  America 
this  type  of  construction  has  been  largely  adopted,  but  before 
considering  what  may  be  termed  "  coffered  "  floors,  it  will 
be  well  to  continue  the  subject  of  flat  slabs.  In  1884 
Ernest  L.  Eansome  patented  his  system  of  reinforcing  con- 
crete with  twisted  iron.  The  advantages  claimed  for  twisted 
iron  are  that  it  cannot  be  drawn  through  the  concrete,  and 
that  the  cold  twisting  increases  the  tensile  strength  of  the 
iron  to  a  considerable  degree.  Experiments  have  shown 
that  the  strength  of  \ -in.  square  commercial  iron  is  increased 
about  17  per  cent,  with  two  twists  per  lin.  foot,  and  about 
25  per  cent,  with  six  twists  per  foot.  The  figures  adopted 
by  the  Ransome  and  Smith  Co.  in  their  calculations  are 
20,000  lb.  per  sq.  in.  for  the  safe  load  on  twisted  iron  in 
tension,  and  500  lb.  per  sq.  in.  for  the  safe  maximum  load  on 
concrete  in  compresson.  It  is  stated  that  "  the  margin  of 
safety  in  the  use  of  concrete  has  been  made  unnecessarily 
large;  it  was  thought  best  to  err  on  this  side  rather  than 
the  other,  in  order  to  meet  the  varied  quality  of  materials 
used  throughout  the  United  States."    Table  XXXII.  has 
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been  compiled  from  the  tables  issued  by  the  company.  I 
have  checked  some  of  the  figures  in  the  manner  already 
described,  and  have  found  them  correct.  The  "depth"  in 
column  5  is  the  distance  from  the  top  of  the  concrete  to 


TABLE  XXXII. 

Flat  Concrete  Floors  Reinforced  with  Ransome's 
Twisted  Iron. 
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the  centre-line  of  the  tension-rods  ;  the  "  thickness  "  in 
column  6  is  the  total  depth  or  thickness  of  the  floor.  The 
calculations  appear  to  have  been  based  on  the  assumption 
that  the  neutral  axis  passes  through  the  centre  of  the 
"  depth,"  and  the  tensile  resistance  of  the  concrete  below 
the  neutral  axis  has  been  neglected ;  the  slabs  are  calculated 
as  beams,  supported  at  the  ends  only.  The  safe  loads  in 
column  1  are  the  loads  which  the  floors  will  safely  bear  in 
excess  of  their  own  weight.  The  concrete  should  be  com- 
posed of  cement  and  aggregate  in  the  proportion  of  1  to  3, 
if  the  cement  "will  develop  a  tensile  strength  of  350  lb. 
per  sq.  in.  in  14  days ;  if  a  weaker  cement  is  used,  the 
quantity  should  be  proportionately  increased."  The  aggre- 
gates, which  are  recommended,  are  the  following  ("  about 
in  the  order  of  merit ")  :  Hard  limestone,  hard  clinker 
brick,  hard  broken  pottery,  granite  or  basalt,  hard  clinkers, 
broken  flint  or  other  hard  rock,  and  gravel.  Dirty  or  soft 
clayey  rock  should  be  avoided.  "  The  aggregates  should  be 
broken  so  as  to  pass  through  an  inch  ring,  and  the  fine 
dust  removed  by  washing  or  screening  (washing  preferred) ; 
in  mixing  add  sufficient  water  to  bring  the  mass  into  a  soft 
pasty  condition,  and  tamp  it  thoroughly  into  place."  In 
ad  lition  to  the  tension-rods  extending  in  the  direction  of 
the  span,  auxiliary  rods  are  laid  at  right  angles  (i.e.,  parallel 
to  the  supported  ends),  at  distances  of  about  3  ft.,  these 
rods  being  \  in.  square  for  loads  up  to  125  lb.  per  sq.  ft., 
and  J  in.  square  for  heavier  loads. 

The  Eansome  coffered  or  panelled  floors  (Fig.  59)  are  an 
interesting  development,  and  are  considerably  stronger 
than  flat  floors  containing  the  same  amount  of  material. 
Table  XXXIII.  has  been  compiled  from  the  tables  issued 
by  the  Eansome  and  Smith  Co.  The  calculations  can  be 
made  in  the  manner  already  described,  the  concrete  web  being 
neglected.  The  tension-rods  are  2  ft.  6  in.  from  centre  to 
centre,  and  it  is  most  convenient  to  consider  the  floor  as  a 
series  of  beams,  each  containing  one  tension-rod.  Let  us 
take  for  an  example  the  floor  12  ft.  span,  carrying  a  safe 
load  of  125  lb.  per  sq.  ft.    The  thickness  of  the  upper  slab 
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TABLE  XXXIII. 
Panelled  Concrete  Floors  Reinforced  with  Ransome's 
Twisted  Iron. 


Safe  Load  for 
Floor  per  sq.  ft., 
in  lbs. 

Approx.  Weight 
of  Floor  per 
sq.  ft.,  in  lbs. 

Size  of  Twisted 
Iron  Bars,  in 
inches  square. 

"Thickness,"  in 
inches. 

Depth  of  Con- 
crete, in  inches. 

Approx.  Cement 
per  100  sq.  ft., 
in  lbs. 

Approx.  Aggre- 
gate per  100 
sq.  ft.,  in  yards. 

Approx.  Iron  per 
100  sq.ft.,  in  lbs. 

50 

19 

i 

1 

8 

380 

•57 

37 

75 

23 

i 

1-5 

5 

460 

•69 

84 

1  25 

JL  _  t  J 

33 

2. 
4 

2 

ft -5 

660 

•99 

84 

-  1 9  f  f  cnnn 

XJj  lb.  DlJClXl. 

9^0 

43 

1 
X 

2*5 

q 

ftfiO 

1  99 

1 4ft 

500 

1 

3 

17 
x 1 

1  180 

1-65 

JL  KJU 

148 

50 

20 

4 

1 

6 

400 

•60 

84 

75 

28 

4 

1-5 

9 

560 

•84 

84 

195 

34 

1 

2 

« 

680 

1  -02 

14ft 

-  1 5  f  f.  smart 

J-  t~f  lUi  SL/CVXi.. 

950 

1 

JL 

2-5 

1  040 

1  -5fi 

X  Okj 

14ft 

'son 

65 

A4 

3 

17-5 

1  300 

X  ,  OKJVJ 

1  -95 

239 

50 

23 

4 

1 

9 

460 

•69 

84 

75 

32 

i 

1-5 

13 

640 

•96 

84 

1  95 

40 

1 

2 

1 1 

j.  j. 

800 

1  -20 

X  Jj  vy 

14ft 

l-  1  ft  f  f.  cnp  n 

950 

53 

1 A 

2-5 

13 

1  060 

1  *59 

232 

500 

67 

3 

17 

1  340 

2-00 

333 

50 

28 

4 

1 

13-5 

560 

•84 

84 

75 

34 

1 

1-5 

11 

680 

1-02 

148 

1  95 

46 

1 
X 

2 

920 

1  -38 

14ft 

-  21  ft  RnATi 

950 

62 

11 

2*5 

19 

1,240 

1*86 

232 

500 

87 

ii 

4 

18 

1J40 

2-61 

454 

) 

50 

36 

i 

1-5 

11-5 

720 

1-08 

148 

\ 

75 

42 

i 

1-5 

16 

840 

1-26 

148 

125 

50 

n 

2 

15 

1,000 

1-50 

232 

■  25  ft.  span. 

250 

70 

ii 

3 

18*5 

1,400 

2-10 

333 

500 

115 

2 

55 

21 

2,300 

3-45 

593 

50 

44 

1 

1-5 

18 

880 

1-32 

148 

75 

52 

1 

1-5 

23-5 

1,040 

1-56 

148 

125 

64 

n 

2 

23-5 

1,280 

1-92 

232 

h  30".ft.  span. 

250 

90 

i* 

3 

29 

1,800 

2-70 

333 

500 

140 

2 

5'5 

31 

2,800 

4-20 

593 

50 

58 

1 

15 

38 

1,160 

1-74 

148 

1 

75 

77 

li 

2 

31 

1,540 

2-31 

232 

j-  40  ft.  span. 
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1J 

3 

34 

2,020 

3-03 
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is  2  in.,  as  stated  in  the  table,  and  the  breadth  from  centre 
to  centre  of  the  panels  is  2  ft.  6  in.  The  tension-rod  is 
§  in.  square,  and  the  "  depth  "  from  the  top  of  the  slab  to 
the  centre  of  the  rod  is  8*5  in.  The  sectional  area  of  the  slab 
is  therefore  30  in.  X  2  in.,  but  the  resistance  to  compression 
would  probablj  be  over-estimated  if  the  whole  of  this  were 
assumed  to  form  part  of  the  beam ;  as  a  rule,  therefore,  the 
breadth  of  the  beam  is  assumed  to  be  as  shown  by  the 
shaded  portion  of  Fig.  60,  one-third  of  the  breadth  of  the 
slab  on  each  side  of  the  central  line  being  omitted.  In 


this  case  the  breadth  is  21  in.  We  therefore  obtain  the 
following  safe  resistances  : 

Compression,  21  in.  X  2  in.  X  500  lb*  =  10,500  lb. 

2 

Tension,  |  X  |  X  20,000  lb.  =  11,250  lb. 

The  centre  of  pressure  in  the  slab  is  at  a  distance  of 
one-third  of  its  thickness  from  the  top,  namely,  §  in., 
and  the  arm  of  the  couple  is  therefore  7f  in.  Take  the 
smaller  of  the  two  resistances,  and  we  obtain  the  following 
equation : — 

^=  10,500  x  7f  =  82,250, 

W  =  82f  °  ><  8   =  4,5691b. 
144 
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This  is  the  total  safe  load,  and  must  be  divided  by  the 
area  of  the  floor  supported  by  the  beam  to  obtain  the  load 
per  sq.  ft. — 

^4?5G^  g  =  159  lb.  per  sq.  ft. 
12  x  2*5 


Deduct  from  this  the  dead  weight  of  the  floor  as  stated 
in  the  table,  namely,  33  lb.  per  sq.  ft.,  and  the  safe  load 
which  can  be  placed  on  the  floor  is  shown  to  be  119  lb. 
If  the  calculation  is  based  on  the  resistance  of  the  iron,  the 
safe  load  works  out  to  130  lb.  per  sq.  ft. 


FlG.  60. — Detail  of  Kansome's  Panelled  Floor. 


The  following  proportions  are  observed  for  the  web  ;  the 
distance  from  the  centre  of  the  bar  to  the  soffit  of  the  web 
is  twice  the  thickness  of  the  bar,  the  width  at  the  bottom 
is  three  times  the  thickness  of  the  bar,  and  the  width  at 
the  top  is  1  in.  more.  The  concrete  is  1  to  3,  as  de- 
scribed for  the  flat  floors.  Special  moulds  are  of  course 
required  for  forming  these  floors,  and  the  first  portion  of 
the  concrete  is  deposited  in  the  web  up  to  the  level  of  the 
tension  bar,  which  is  then  laid  and  tamped  down  into 
the  concrete,  and  the  remaining  concrete  is  immediately 
deposited.  Transverse  webs  reinforced  with  smaller  twisted 
rods  (J  in.  square  for  floors  where  the  main  rods  do  not 
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exceed  1 J  in.  square,  and  J  in.  square  for  stronger  main 
rods)  are  formed  at  distances  ranging  from  2|  ft.  to  5  ft. 
The  twisted  rods  in  the  webs  of  panelled  floors  are  gene- 
rally secured  by  means  of  a  number  of  J-in.  rods,  each  of 
which  is  loosely  bent  in  a  spiral  form  around  the  tension-bar, 
and  turned  up  at  the  ends  to  within  J  in.  of  the  surface  of  the 
floor ;  the  ends  of  each  rod  are  about  a  foot  apart,  and  an 
interval  of  one  foot  occurs  between  the  successive  rods 
throughout  the  length  of  the  tension-bar.  Sometimes  the 
coffers  are  exposed  to  view,  the  webs  being  plain  or  moulded 
in  a  simple  manner.  Flat  ceilings  may  also  be  formed 
under  the  floors ;  in  one  method,  shown  in  detail  in 
Fig.  59,  wood  plates  are  laid  on  the  centring  under 
the  webs,  and  the  concrete  is  deposited  around  the  coach- 
screws  fixed  in  the  upper  surface  of  the  plates.  To  these 
plates  the  wood  or  metal  lathing  is  attached.  Details  of 
floors  of  this  kind  up  to  60-ft.  span  are  given  in  the 
Eansome  publications. 

The  New  Expanded  Metal  Company's  Floors. — In  this 
system,  as  in  those  already  described,  the  tensile  strength 
of  the  concrete  is  reinforced  by  metal,  but  the  metal  is  in 
the  form  of  a  network,  which  is  made .  by  cutting  slits  in  a 
sheet  of  steel  and  expanding  it  laterally.  The  meshes 
commonly  used  in  floors  are  3  in.  wide  and  8  in.  long,  but 
the  strands  of  metal  range  from  ^  in.  x  m-  to 
J  in.  X  J  in.  or  more,  according  to  the  span  and  load. 
The  longer  axis  of  the  mesh  is  laid  in  the  direction  of  the 
span,  i.e.,  from  support  to  support,-  and  the  metal  should 
overlap  the  supports  where  possible.  The  side  joints 
in  the  sheets  should  also  be  overlapped  3  in.  The 
expanded  metal  is  placed  on  the  temporary  centring,  and 
lightly  nailed  to  it  where  necessary.  It  is  recommended 
by  the  company  that  the  concrete  should  be  composed  of 
one  part  of  the  best  Portland  cement  to  four  parts  of 
"clinker,  brick,  slag,  stone,  granite,  &c,  broken  to  pass  a 
f-in.  mesh  sieve,  and  having  about  30  per  cent,  of  fine 
stuff  in  its  measure,"  the  materials  to  be  turned  three  times 
dry,  and  three  times  after  water  has  been  added.    If  the 
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concrete  is  "thoroughly  well  scraped,  spaded  and  tamped 
down  into  the  meshes/'  it  is  said  that  the  expanded  metal 
will  be  lifted  "  into  its  ideal  position,  namely,  about  \  in. 
from  the  [lower]  face  of  the  concrete."  The  temporary 
centring  may  be  "  lime-whited,  washed  with  soap  water,  or 
covered  with  oiled  paper,  to  prevent  the  concrete  adhering 
to  it;  the  oiled  paper  gives  the  best  results,  and  can  be 
easily  stripped  off  after  the  centring  has  been  struck." 

The  expanded  metal  is  of  such  a  form  that  it  cannot 
possibly  be  drawn  through  the  concrete,  and  the  labour  of 
laying  it  is  very  little.  That  the  metal  greatly  increases 
the  strength  of  the  flooring  has  been  clearly  proved.  In 
1896  beams  24  in.  wide  and  3  in.  deep  were  tested  by 
Messrs.  Fowler  and  Baker.  The  concrete  in  all  cases  was 
composed  of  one  part  Portland  cement,  one  part  sand,  and 
two  parts  Thames  ballast  passed  through  £-in.  meshes,  and 
with  all  the  sand  screened  out.  In  one  series,  the  spans 
were  78  in.,  and  in  the  other  42  in.  The  tests  were  not 
very  exact,  as  the  loads  consisted  of  rails  weighing  6  cwt. 
each.  The  breaking  weights  give  the  following  values  of 
C  for  use  in  the  Formula  II.,  p.  193: — Beams  without 
expanded  metal,  2*7,  2*7,  2*94,  2*94;  Beams  with  expanded 
metal,  (1)  strands  ^  in.  x  ^  in.,  17-33,  17*33,  12*57, 
20-44  ;  (2)  strands  ^  in.  X  &  in.,  18*95,  18-95,  17*82, 
22*19.  There  was  "  no  appreciable  deflection"  in  the 
concrete  beams,  but  the  reinforced  beams  deflected  from 
^2  in-  to  1T^  in.  before  rupture.  The  age  of  the  beams 
ranged  from  63  to  77  days.  For  the  smaller  strands  the 
ratio  of  metal  to  concrete  was  as  1:219,  and  for  the  larger 
as  1:131.  Two  tests  were  made  by  Mr.  James  Mansergh, 
the  concrete  being  composed  of  one  part  cement  and  four 
parts  broken  rock  (f-in.  gauge)  and  sand:  span  81  in., 
breadth  48  in.,  depth  6  in. ;  age  when  tested  88  days ; 
value  of  C  for  concrete  4*54,  and  for  reinforced  concrete 
(J  in.  X  in.  strands)  18*64.  The  deflection  of  the 
concrete  beam  was  "  not  observed  "  ;  that  of  the  reinforced 
beam  was  J  in.  Other  tests,  made  by  a  committee  of  the 
Northern   Architectural  Association,  gave   more  curious 
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results.  All  the  beams  were  42  in.  wide,  but  those  con- 
sisting of  concrete  only  were  8  in.  deep,  and  the  reinforced 
beams  5  in.  deep;  the  spans  were  96  in.,  7 8  in.  and  60  in.,  one 
beam  of  each  kind  being  tested  for  each  span.  The  values 
of  C  for  the  concrete  beams  were  0*88,  0*91  and  2*33,  and 
for  the  reinforced  beams  (strands  \  in.  X  T3g  in.)  17*34, 
19*63,*  and  12*00.*  The  concrete  was  somewhat  weak, 
having  only  one  part  of  cement  to  five  parts  of  "  ordinary 
Tyne  ballast."  Other  tests  were  made  with  thinner  beams 
of  1  to  3  concrete,  and  gave  the  following  results  :  for 
concrete  only,  2*03  and  1*85 ;  for  reinforced  concrete 
(strands  \  in.  x  \  in.)  26*13  and  18*68.  In  the  last 
series  the  ratio  of  metal  to  concrete  was  as  1  : 144,  and  in 
the  first  as  1  : 160.  All  the  beams  were  nearly  four  months 
old  when  tested. 

In  calculating  the  strength  of  floors  containing  expanded 
metal,  it  is  necessary  to  bear  in  mind  that  there  are  two 
strands  of  metal  for  each  3-in.  mesh,  making  eight 
•strands  in  each  foot  of  breadth.  It  has  been  said  that,  as 
the  strands  run  diagonally  and  not  directly  from  support 
to  support,  they  are  subject  to  considerable  shearing 
stress,  which  reduces  their  tensile  resistance  one-half,  but 
this  view  does  not  appear  to  be  borne  out  by  the  tests. 

In  the  company's  catalogue  it  is  said  that  the  sectional 
area  of  the  steel  should  be  \  per  cent,  of  that  of  the 
concrete,  the  No.  9  sheets  with  ^  in.  X  J  in.  strands 
being  recommended  for  3-in.  concrete,  No.  8  with  \  in.  x 
\  in.  strands  for  4-in.,  and  No.  30  with  f  in.  x  x%  in. 
strands  for  9-in.  Theoretical  investigations  and  actual 
tests  show  that  the  sectional  area  of  the  metal  is  too  little 
to  balance  the  resistance  of  the  concrete,  and  better  results 
would  be  obtained  by  using  a  greater  percentage  of  metal. 

A  slab  of  concrete  16  ft.  square  and  7  in.  thick, 
supported  on  all  sides  to  give  a  clear  span  of  15  ft.  in  each 
direction,  and  reinforced  with  one  layer  of  No.  10  sheeting 

*  These  are  calculated  from  the  maximum  loads  applied,  which 
did  not  rupture  the  beams  ;  the  true  values  of  C  are,  therefore,  higher 
than  those  stated. 
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having  3-in.  meshes  and  J  in.  X  ^  in.  strands,  was 
tested  at  Glasgow  in  1903  by  Messrs.  A.  T.  Walmisley, 
J.  P.  Allen,  and  A.  H.  Morton,  and  failed  under  a  dis- 
tributed load  of  56  tons  11  cwt.  The  fact  that  the 
fractures  radiated  "from  the  centre  to  the  angles  of  the 
square "  seems  to  show  that  the  supporting  of  all  the 


NO.  2.  —  FLAT  CEILING  CONSTRUCTION. 

Fig.  61. — The  Columbian  Systems  of  Fire-resisting  Flooring — 
Longitudinal  and  Transverse  Sections. 

sides  increased  the  strength,  but  the  test  would  have  been 
more  useful  if  a  beam  of  similar  design  and  materials  had 
also  been  loaded  to  rupture. 

Tests  of  two  beams  (mentioned  above)  containing  the 
same  reinforcement,  and  of  nearly  the  same  thickness  but 
of  inferior  concrete^  yielded  a  constant  of  18,  and  from 
this  the  breaking  weight  of  a  beam  of  the  same  dimensions 
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as  the  unsupported  portion  of  the  slab  (namely,  breadth 
15  ft.,  length  15  ft.,  and  depth  7  in.)  may  be  approxi- 
mately ascertained  by  means  of  Formula  II.,  p.  193, 
namely  59  tons.  Deduct  from  this  the  weight  of  the 
slab  (say)  9  tons,  and  the  remainder  of  50  tons  is  the 
amount  of  the  load  in  excess  of  the  dead  weight.  This  is 
so  nearly  equal  to  the  load  which  fractured  the  slab,  that 
we  may  conclude  that  the  supporting  of  all  the  sides  did 
not  materially  increase  the  strength,*  or  that  the  slab  was 
either  badly  made  or  strained  before  the  load  was  applied. 

The  "  Columbian  "  System. — In  this  system  the  tension 
members  are  ribbed  bars,  having  a  vertical  web  and  one  or 
two  pairs  of  lateral  ribs.  Fig.  61  shows  two  types  of 
floors.  In  No.  1  the  main  joists  of  steel  are  encased  with 
concrete,  the  concrete  soffit  being  cast  in  slabs  and  secured 
by  steel  plates  embedded  in  them  and  turned  over  to  clip 
the  lower  flanges  of  the  joists.    In  No.  2  a  flat  ceiling  is 

formed  by  means  of  1-in.  ribbed 
bars  slightly  bent  at  the  ends  and 
supported  on  the  lower  flanges 
of  the  steel  joists,  which  are  not 
more  than  7  ft.  apart ;  a  wooden 
centring  is  placed  below  the  bars, 
and  a  concrete   ceiling  2J  in. 
thick  is  formed  around  the"  bars 
and  under  the   joists.  Open- 
ings are  left   in  the  concrete 
ceiling,    so    that    the  interior 
centring  required  for  the  floor 
above    can   be    removed  :  the 
openings  are  afterwards  closed  with  concrete  slabs.  One 
ot  the  peculiar  features  of  this  system  is  the  method  of 
suspending  the  ends  of  the  ribbed  bars  in  stirrups  placed 
over  the  steel  joists  ;  the  slots  in  the  stirrups  are  varied  to 

notZh?^Ct  ^at  e^pan(? ed  metal  offers  less  resistance  in  a  direction 
mlZrX^l  ^  lo,nf^na%  P*>bably  accounts  in  a  great 
measure  for  the  strength  of  the  slab  being  so  little  in  excess  of  th«t 
of  a  beam  of  the  same  dimensions.  0  thafc 


Fig.  62.— Stirrup  for  Sup- 
porting Ends  of  the 
Columbian  Ribbed  Bars. 
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suit  the  different  sections  of  bars,  one  form  being  shown  in 
Fig.  62.  The  ribbed  bars  are  made  in  the  following  sizes  : 
1,  2,  2 J,  3J,  4  and  5  in.  deep,  and  are  usually  placed 
24  in.  from  centre  to  centre;  the  depth  of  the  concrete 
is  lj  in.  more  than  that  of  the  bars,  except  for 
1-in.  bars,  where  the  concrete  is  3  in.  deep.    It  is  said 


Fig.  63. — The  Hennebique  System  of  Reinforced  Concrete. 


that  1-in.  bars  will  carry  safely  a  distributed  load  of 
125  lb.  per  sq.  ft.  over  a  span  of  7  ft.,  2-in.  bars  over 
a  span  of  8  ft.  3  in.,  and  2J-in.  bars  over  a  span  of  9  ft., 
and  that  3J-in.  bars  will  carry  safely  a  distributed  load 
of  200  lb.  per  sq.  ft.  over  a  span  of  14  ft.,  4-in.  bars 
over  a  span  of  15  ft.,  and  5-in.  bars  over  a  span  of  16  ft. 

For  sloping  roofs  the  ribbed  bars  are  laid  from  eaves  to 
ridge,  like  the  common  rafters  of  a  timber  roof,  the  ends  of 
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the  bars  being  bent  to  the  horizontal  and  supported  in 
stirrups  laid  over  longitudinal  steel  joists.  Mansard  roofs 
have  also  been  constructed  in  a  somewhat  similar  way. 

The  Hennebique  System. — In  this,  as  in  the  Monier  system, 
round  steel  tension-rods  are  used.  Fig.  63  gives  a  general 
view  of  some  of  the  details  of  this  system  applied  to 
the  construction  of  columns,  beams  and  floors,  together 
with  a  section  through  part  of  the  panelled  floor.  The 
rods  are  kept  in  position  by  means  of  stirrups,  and  over  the 
main  girders  there  is  an  upper  set  of  transverse  rods  in 
the  beams  of  the  panelled  floor,  similar  rods  being  also 
placed  in  the  main  girders  over  the  points  of  support. 

The  Eggert  System  of  flooring  has  square  bars  lying  in  the 
lower  or  tension  part  of  the  concrete  throughout  the  greater 
part  of  the  span,  but  bent  upwards  near  the  supports  and 
turned  over  in  hook-shape  at  the  ends  in  the  upper  or 
compression  part  of  the  concrete.  In  some  cases  rods  of 
different  lengths  are  used  in  the  same  floor,  the  longest 
rods  being  bent  over  on  the  supports,  the  shorter  rods  being 
bent  over  at  some  distance  from  the  supports ;  the  quantity 
of  metal  is  thus  reduced.  For  small  spans,  special  bricks 
are  used  in  this  system  instead  of  concrete,  while  for  larger 
floors,  the  bricks  may  be  used  to  form  the  soffit,  the  concrete 
being  deposited  above  them. 

Mueller,  Marx  &  Go.  adopt  a  rather  complicated  reinforce- 
ment, consisting  of  parallel  flat  bars  (on  edge)  extending 
from  support  to  support,  and  tied  together  by  diagonal  bars, 
thus  :    The  principal  bars  are  hooked 


built  into  the  walls.  The  reinforcement  is  allowed  to  sag- 
so  that  at  the  centre  of  the  span  it  is  near  the  soffit  of  the 
concrete  slab,  while  at  the  ends  it  is  in  the  upper  half  of 
the  concrete. 

3.  Columns  and  Walls. 
In  columns  the  stresses  are  not  entirely  compressive; 

A  A 


over  the  upper  flanges  of 
rolled  steel  joists,  or  over 
rods    secured    to  holdfasts 
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there  is  also  a  tendency  to  rupture  by  swelling  or  bulging, 
and,  if  the  load  is  eccentric,  by  bending  or  buckling.  The 
reinforcement,  therefore,  must  not  be  formed  with  vertical 
rods  only,  but  these  must  be  kept  in  position  by  horizontal 
ties.  Some  experiments  by  Coignet  with  different  kinds  of 
reinforcement  show  the  importance  of  the  horizontal  ties 
very  clearly.  He  made  a  number  of  circular  concrete 
columns,  8  in.  in  diameter  and  28  in.  high,  reinforced 
in  various  ways.  The  vertical  rods  were  in.  in 
diameter  arranged  in  a  circle,  6  in.  in  diameter ;  in  series 

A,  ring  ties  were  placed  inside  the  vertical  rods ;  in  series 

B,  the  ring  ties  enclosed  the  rods  and  were  attached  to 
them  ;  in  series  C,  continuous  spirals  were  used  instead  of 
the  rings.  The  rings  and  spirals  were  of  two  kinds,  the 
first  of  round  rods  \  in.  in  diameter,  and  the  second  of  flat 
bars  §  in.  X  £  in.  The  columns  with  round-rod  ties 
were,  on  the  average,  rather  more  than  10  per  cent, 
stronger  than  those  with  flat  bar  ties.  Those  in  series 
B  and  C  were  almost  exactly  equal  in  strength,  and  were 
nearly  10  per  cent,  stronger  than  those  in  series  A.  The 
total  amount  of  metal  was  approximately  2  per  cent,  of 
the  amount  of  concrete  in  all  the  tests,  but  was  disposed  in 
various  ways;  in  the  first  series  there  were  ten  vertical 
rods  (equal  to  1*58  per  cent,  of  the  concrete)  and  seven  ties 
(•41  per  cent. — total,  2  per  cent.);  in  the  second  series, 
there  were  eight  vertical  rods  (1*27  per  cent.)  and  twelve 
ties  (-71  per  cent. — total,  1*98  per  cent.);  in  the  third 
series  there  were  six  vertical  ties  (*95  per  cent.)  and  sixteen 
ties  (-94  per  cent. — total,  1*89  per  cent.).  The  third 
arrangement  proved  the  strongest,  although  the  amount  of 
metal  was  rather  less  than  in  the  other  cases ;  the  relative 
strengths  were  as  follows  : — First  series,  100  ;  second,  131  ; 
third,  136.  These  tests  show  clearly  the  importance  of 
the  ties,  and  seem  to  indicate  that  the  amount  of  metal  in 
the  ties  ought  to  be  approximately  equal  to  that  in  the 
vertical  rods.  In  practice,  the  spiral  ties  would  prove  too 
costly,  on  account  of  the  additional  labour  involved.  The 
ring  ties,  placed  outside  the  vertical  rods  and  wired  to  them, 
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gave  equally  good  results.  Flat-bar  ties  may  also  be  used, 
as  in  the  Hennebique  system  (Fig.  63),  where  the  round 
vertical  rods  are  held  in  position  by  groups  of  four  flat-bar 
ties  holed  to  receive  the  rods. 

Concrete  walls  may  be  reinforced  in  somewhat  similar 
ways.  As  a  rule  piers  are  built  to  form  the  principal 
supports  under  the  floor-beams  and  roof-trusses,  and  are 
connected  by  thinner  walls.    In  America,  many  large  build- 

ings  have 
been  con- 
structed of 
reinforced 
concrete,  an 
interesting 
example  be- 
i  n  g  the 
A 1 ab  am  a 
Hotel  at 
Buffalo, 
New  York 
(Mr.  Carlton 
Strong,  ar- 
chitect). In 
this  the 
walls  are 
hollow  as 
shown  in 
Fig.  64,  the 
total  thick- 


FiG.  64. — The  Ransome  System  of  Reinforced 
Concrete  Walls. 


ness 


being 


24  in.  The  outer  portion  is  8  in.  thick  for  the  first  story, 
and  diminishes  by  1  in.  for  each  of  the  upper  stories ;  as  the 
building  has  six  stories,  the  outer  portion  in  the  uppermost 
story  is  only  3  in.  thick.  The  inner  portion  is  2  in.  thick 
throughout,  and  is  tied  to  the  outer  by  concrete  withs,  which 
are  3  in.  thick  where  the  vertical  rods  occur  and  1J  in.  thick 
elsewhere.  The  diagram  shows  an  angle  of  the  wall  of  the 
third  storv.    The  rods  are  of  Ransome's  twisted  steel,  the 

A  A  2 
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outer  verticals  (which  are  15  ft.  apart)  being  1  in.  square 
and  the  inner  verticals  ^  in.  square  ;  each  pair  of  verticals  is 
tied  together  by  J-in.  twisted  rods,  placed  12  in.  apart 
vertically,  and  embedded  in  the  concrete  withs.  Two  ^-in. 
horizontal  rods  are  embedded  in  the  walls  at  the  level  of 
each  floor,  the  walls  being  built  solid  at  these  levels,  except 
where  flues  for  smoke  and  ventilation  are  required.  The 


Fig.  65. — Grain-Siloes  of  Reinforced  Concrete  at  Galatz,  Eoumania. 


floors  are  of  the  panelled  type  already  described,  and  the  in- 
ternal partitions  are  also  of  reinforced  concrete.  Externally, 
the  concrete  is  moulded  to  resemble  ashlar,  the  V-shaped 
joints  being  formed  as  described  in  Chapter  XXIV. 
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The  walls  of  grain-siloes,  cement-bins,  &c.,  have  also 
been  constructed  of  ferro-concrete.  In  the  Government 
granary  at  Galatz,  in  Koumania,  the  siloes  are  hexagonal  in 
shape;  the  largest  (143  in  number)  are  10  ft.  7  in.  in 
diameter  and  56  feet  high,  each  having  a  capacity  of  nearly 
4,000  bushels  of  wheat,  weighing  about  100  English  tons. 
Fig.  65  gives  the  plan  at  one  angle  of  the  building,  and  a 
detail  of  the  angle-blocks  and  flat  plates.  The  angle-blocks 
are  about  24  in.  long  on  each  of  the  curved  sides  and 
J  metre  (nearly  20  inches)  high.  The  reinforcement 
consists  of  four  tiers  of  round  rods  (nearly  ^  in.  in 
diameter)  spaced  at  vertical  distances  of  4  in.,  each  tier 
being  arranged  in  the  form  of  a  triangle  with  concave 
sides  and  projecting  beyond  the  concrete  at  the  angles 
in  the  form  of  loops.  The  flat  plates  connecting  the 
angle-blocks  are  39f  in.  high,  and  about  4|  in.  thick 
for  the  lowest  23  ft.,  3£f  in.  for  the  next  16|  ft.,  and 
31  in.  for  the  uppermost  stage.  As  each  silo  in  turn 
may  be  full  while  those  adjacent  to  it  are  empty,  and 
vice  versd,  the  flat  slabs  will  be  alternately  stressed  from 
opposite  sides.  The  reinforcement  is  therefore  equal  on 
both  sides  of  the  neutral  axis,  and  is  placed  at  about 
one-sixth  of  the  thickness  from  each  surface.  For  the  first 
stage  the  horizontal  tension-rods  are  nearly  1  in.  in 
diameter,  and  for  the  upper  stages  £-in.,  and  across  these 
are  laid  vertical  rods  (J  in.  and  T3g  in.)  to  form  a 
network  with  meshes  of  about  4  in.,  the  horizontal  and 
vertical  rods  being  wired  together  at  the  points  of  inter- 
section. In  the  middle  of  the  thickness  of  each  slab  four 
round  rods  are  inserted  with  projecting  eyes  at  the  ends  to 
fit  over  the  loops  at  the  angles  of  the  corner  blocks.  Bound 
rods  1  in.  in  diameter  are  passed  through  the  loops  and 
eyes  vertically  to  connect  the  angle-blocks  and  slabs.  All 
the  abutting  edges  of  the  blocks  and  slabs  are  grooved,  and 
the  joints  made  with  mortar  or  concrete.  The  concrete 
was  composed  of  one  part  of  Portland  cement,  1J  parts  of 
sand,  and  If  parts  of  fine  gravel  (l  in.  to  f  in.),  the 
cement  and  sand  being  mixed  together  before  the  gravel 
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was  added.  A  coat  of  cement  mortar  about  |-  in.  thick 
was  applied  to  the  surfaces  of  the  concrete  after  erection 
and  well  trowelled. 

Reinforced  concrete  has  also  been  used  in  the  construction 
of  factory  chimneys,  retaining  walls,  dry  docks,  reservoirs, 
filter-beds,  &c,  but  it  is  impossible  in  the  space  of  a  single 
chapter  to  give  in  detail  examples  of  every  kind  of  structure. 
Some  information  on  the  subject  of  reinforced  concrete  in 
foundations  will  be  found  in  Chapter  XVIII. 

4.  Arched  Floors,  Bridges,  Sewers,  (fee. 

Arched  floors  to  sustain  heavy  loads  are  often  constructed 
of  armoured  concrete.  These  are  sometimes  of  uniform 
thickness,  or  rather  thicker  at  the  springing  than  at  the 
centre,  but  in  many  cases  the  spandrels  are  entirely  filled 
with  concrete  to  form  the  floor-surface.  The  reinforcement 
is  often  double,  consisting  of  an  upper  series  of  rods  near 
the  extrados,  and  a  lower  near  the  intrados,  the  two  series 
being  tied  together  at  intervals.  If  full  advantage  of  the 
arched  construction  is  to  be  taken,  the  abutments  must  be 
rendered  perfectly  rigid  by  means  of  tie-rods  or  in  some 
other  manner. 

In  the  Expanded  Metal  Co.'s  "Channel  Arch  Floor," 
arched  steel  channels,  rising  about  1  in.  per  foot  of  span, 
are  supported  on  the  lower  flanges  of  the  main  steel  joists. 
The  channels  are  6  in.  wide,  weighing  about  12  lb.  per  foot, 
and  are  placed  from  4  ft.  to  8  ft.  apart,  according  to  the  span 
and  load.  The  span  may  range  up  to  25  ft.  Concrete  span- 
drels are  formed  over  the  channels  up  to  the  level  of  the 
softit  of  the  slab  floor,  which  is  formed  with  expanded  metal 
and  concrete  on  temporary  centring  as  already  described. 

Reinforced  concrete  has  been  largely  used  on  the  Continent 
for  bridges,  and  to  a  smaller  extent  in  this  country. 
Valuable  information  on  the  subject  was  given  by  Mr.  E.  P. 
Wells,  C.E.,  in  two  lectures  delivered  at  the  School  of 
Military  Engineering,  Chatham,  in  March,  1903,  and 
published  in  Vol.  XXIX.  of  the  Professional  Papers  of  the 
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Corps  of  Royal  Engineers.  The  largest  span  described  by 
Mr.  Wells  is  that  of  the  Bormida  Bridge,  near  Millesimo, 
Italy,  which  has  a  clear  span  of  167  ft.  3  in.  with  a  rise  of 
1 6  ft.  5  J  in.  The  bridge  is  constructed  on  the  Hennebique 
system  with  four  arched  ribs  20  in.  wide,  and  varying  in 
depth  from  3  ft.  7  in.  at  the  springing  to  1  ft.  7  J  in.  at  the 
centre.  Reinforced  concrete  pillars  rise  from  the  extrados 
of  the  ribs  to  support  the  table  or  deck,  on  which  the 
material  forming  the  road-surface  is  laid.  The  whole  of 
the  bridge,  exclusive  of  the  abutments,  was  erected  in 
67  days,  and  was  subsequently  tested  with  a  load  of 
226  lb.  per  sq.  ft.  (or  268  tons  for  the  entire  span)  when 
the  deflection  was  only  y7^  of  an  inch  ;  when  the  load  was 
removed,  it  was  found  that  there  was  no  permanent  set. 
Numerous  illustrations  and  descriptions  of  concrete  bridges, 
with  and  without  metal  reinforcement,  are  given  in 
Mr.  Wells's  lectures,  and  the  reader  interested  in  this 
branch  of  engineering  will  find  them  worthy  of  careful 
perusal. 

For  large  sewers  and  water  conduits,  reinforced  concrete 
has  been  successfully  used.  In  the  Monier  system,  a 
network  is  formed  by  means  of  longitudinal  and  circum- 
ferential rods,  wired  together,  the  whole  being  embedded  in 
concrete.  The  Columbian  system  differs  from  this  princi 
pally  in  the  shape  of  the  longitudinal  bars,  which  are 
similar  in  section  to  those  used  in  the  Columbian  floors. 
Expanded  metal  is  also  used  for  the  reinforcement,  as  in 
Fig.  65,  which  is  a  section  of  one  of  the  conduits  in  con- 
nection with  the  Torresdale  Waterworks,  constructed  for 
the  city  of  Philadelphia.  The  internal  dimensions  are — 
width,  9  ft.  8  in.,  and  height  10  ft.;  the  upper  portion 
is  a  semi-ellipse,  and  the  invert  a  segment  of  a  circle  joined 
to  the  ellipse  by  two  circular  segments  of  shorter  radius. 
The  thickness  of  the  concrete  at  the  springing  of  the  semi- 
ellipse  is  16  in.,  and  at  the  crown  10  in.  The  expanded 
metal  has  a  6-in.  mesh,  with  strands  \  in.  in  width,  and 
is  placed  as  shown  by  the  dotted  lines.  The  centring  was 
in  seven  segments,  covered  outside  with  sheet-iron,  which 
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was  cleaned  and  oiled  before  the  concrete  was  deposited. 
Fine  concrete  1  in.  thick,  composed  of  equal  parts  of 
Portland  cement,  sand  and  "granolithic  grit,"  was  laid  on 
the  centring  to  form  the  inner  surface  of  the  conduit, 
the  remaining  concrete  consisting  of  one  part  of  Portland 
cement,  three  parts  of  sand,  and  five  parts  of  broken 


Granolithic 


Fig.  66. — Reinforced  Concrete  Conduit,  Torresdale,  Philadelphia. 

stone  (f  -in.  gauge).  The  conduit  was  designed  to  withstand 
the  pressure  due  to  a  head  of  water  of  "  about  20  ft." 

Staircases  are  often  constructed  of  reinforced  concrete, 
either  in  the  form  of  steps  separately  moulded  and  built 
into  the  walls  like  stone  steps,  or  deposited  in  situ  around 
the  meshwork  of  rods.  Among  other  uses  of  the  material 
may  be  mentioned  piles,  telegraph  poles,  coal-bunkers,  tanks, 
and  baths. 
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5.  Notes  on  Concrete  for  Eeinforced  Structures. 

Cement. — The  Portland  cement  should  be  of  the  best 
quality,  free  from  all  deleterious  ingredients,  and  very  finely 
ground.  Mr.  E.  P.  Wells's  experiments  show  that  all  resi- 
dues left  on  a  sieve  with  160  meshes  to  the  lineal  inch  are 
inoperative,  but  that  the  flour  obtained  by  grinding  these 
residues  is  stronger  than  the  flour  of  the  original  cement, 
the  more  resistant  particles  being  the  best-burnt  portion  of 
the  clinker.  The  tensile  strength  of  briquettes  of  cement 
and  sand  (1  to  3)  should  not  be  less  than  180  lb.  per 
sq.  in.  at  seven  days,  and  300  lbs.  at  28  days. 

Sand. — This  should  be  sharp,  not  too  uniform  in  size,  and 
absolutely  clean.  Any  coating  of  mud  or  clay  is  injurious. 
The  fine  stuff  obtained  by  crushing  Portland  stone  gives 
excellent  results,  as  far  as  strength  is  concerned,  but,  for 
fire-resisting  structures,  this  and  other  limestones  are  unsuit- 
able. Ordinary  siliceous  sand,  either  natural  or  obtained  by 
crushing  good  sandstone,  is  better  in  this  respect. 

Aggregate. — Thames  ballast  is  a  satisfactory  material,  if 
it  is  thoroughly  washed,  and  if  all  the  sand  and  all  the 
pieces  retained  by  a  f -in.  mesh  are  excluded.  For  concrete 
upwards  of  3  in.  in  thickness,  the  larger  pieces  may  be 
broken  to  pass  a  screen  with  1  in.  meshes,  and  added  to 
the  finer  material.  Granite  and  the  allied  rocks  are  also 
suitable.  Crushed  Portland  stone  is  one  of  the  best 
aggregates  for  many  purposes,  but  as  all  limestones  are 
quickly  disintegrated  by  fire,  it  is  not  recommended  for 
fire-resisting  construction. 

Water. — The  water  should  be  as  pure  as  possible,  free 
from  mud  and  organic  impurities.  For  nearly  all  purposes 
fresh  water  is  better  than  sea  water,  the  latter  being  quite 
unsuitable  for  use  in  buildings. 

Proportions. — As  the  strength  of  concrete  depends  to  a 
very  large  extent  on  the  strength  of  the  mortar  in  which 
the  coarser  parts  of  the  aggregate  are  embedded,  an  excess 
of  sand  must  be  avoided.  What  is  required  is  a  mortar 
which  will  suffice  to  fill  the  voids  in  the  aggregate  and  to 
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bind  the  particles  together.  As  a  rough  guide,  it  may  be 
said  that  the  volume  of  sand  should  be  one-fourth  that 
of  the  sand  and  coarser  aggregate.  Thus  :  for  4  to  1  con- 
crete, use  1  part  sand,  3  parts  coarser  aggregate,  and 
1  part  cement;  for  6  to  1  concrete,  use  1^  parts  sand, 
4|  parts  coarser  aggregate,  and  1  part  cement.  If  the 
concrete  is  thoroughly  rammed,  these  proportions  will  yield 
a  solid  mass.  A  porous  aggregate  should  be  soaked  in 
water  before  being  made  into  concrete,  as  otherwise  it  would 
absorb  the  water  required  for  the  setting  and  hardening  of 
the  cement.  An  excessive  quantity  of  water  is  injurious, 
but  is  often  used,  as  it  facilitates  the  deposition  of  the  con- 
crete. Better  results  are  obtained  by  using  a  smaller 
quantity  of  water,  and  by  thoroughly  ramming  the  concrete 
to  render  it  solid.  For  floors,  roofs,  partitions,  and  other  thin 
structures,  3  or  4  parts  of  aggregate  to  1  part  of  cement 
are  the  most  suitable,  but  a  greater  proportion  of  aggregate 
may  be  used  for  foundations,  thick  walls,  bridges,  &c. 

Mixing,  &c. — Machine-mixing  is  the  best,  but  where  a 
good  machine  is  not  available,  the  materials  may  be  mixed 
by  hand.  Many  modern  specifications  require  the  in- 
gredients to  be  turned  three  times  dry  and  three  times  after 
the  water  has  been  added.  Care  should  be  observed  that  the 
workmen  use  their  shovels  in  such  a  manner  as  to  mix 
the  materials  thoroughly.  The  concrete  should  be  deposited 
immediately  after  it  is  made,  and  should  be  well  rammed, 
so  that  the  concrete  is  packed  tightly  around  the  reinforce- 
ment and  so  that  all  voids  are  eliminated.  It  must  also  be 
protected  from  extremes  of  temperature  during  the  process 
of  setting  and  hardening.  In  large  structures  the  day's 
work  should  be  regulated,  so  that  the  joint  between  the 
masses  of  concrete  laid  on  different  days  will  not  be  injurious ; 
thus,  in  a  flat  floor  the  joint  must  fall  over  a  girder  or  in 
a  straight  line  at  right  angles  to  the  supports ;  in  a  large 
arch  the  joint  must  be  radial,  like  the  joint  between  two 
stone  voussoirs.  Finally,  the  temporary  centring  must  be 
of  ample  strength,  so  that  it  does  not  deflect  under  the 
weight  of  the  wret  concrete  and  of  the  men  employed  in 
the  wrork. 
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ABERTHAW  Lias  lime,  14,  18, 
89,  107  ;  selenitic,  20,  183. 
Absorbence  of  aggregates,  99,  121 
— 124,  147,  179  ;  concrete  walls, 
315.    {See  Porosity.) 
Absorption,  Loss  of  water  by,  99, 

165,  246.    {See  Porosity.) 
Adams,  O.  A. — Flat  concrete  floor, 
261. 

Adhesive  strength  of  Barrow  Lias 
lime,  22 ;  chalk  lime  (white), 
22  ;  Halkin  mountain  lime,  23  ; 
natural  cements,  32 ;  Portland 
cement,  22,  72,  73  ;  selenitic 
limes,  22,  27. 

Adhesive  strength  compared  with 
tensile,  73. 

Age  —  Effect  on  adhesive  strength 
of  Portland  cement,  73  ;  compres- 
sive strength  of  Portland  cement, 
30,  32,  70  ;  —  Roman  cement,  30, 
32  ;  soundness,  &c,  of  Portland 
cement,  77 — 83  ;  tensile  strength 
of  Medina  cement,  32  ;  —  Roman 
cement,  30,  32  ;  —  Portland 
cement,  30,  32,  65,  74,  111,  115  ; 
—  slag  cement,  44  ;  transverse 
strength  of  Portland  cement,  190, 
210,  266  ;  —Roman  cement,  190, 
210. 

Aggregates — Absorbence,  99,  121 
—4,  147,  179  ;  breaking  by 
hand,  141 ;  by  machines,  141 — 5  ; 
compressive  strength,  126 — 8  ; 
definition,  1 ;  fire-resistance,  36, 
118,  120 — 5  ;  measurement  of — 
and  sand,  130  ;  proportion  in 
concrete,  130 — 9,  &c.  {see  Pro- 
portions) ;  resistance   to  wear. 


119,  128  ;  selection,  117  ;  size, 
145,    &c.    {see    Size)  ;  tensile 
strength  with  Portland  cement 
and  plaster  of  Paris,  36  ;  varieties 
{see  Ballast,  Basalt,  Brick,  Coke- 
breeze,  Fire-brick,  Flints,  Granite, 
Gravel,    Iron -ore,  Limestones, 
Marble,     Porphyry,  Portland 
stone,  Pumice-stone,  Sandstones, 
Shale,    Shells,    Shingle,  Slag, 
Slates,    Stone,    Syenite,  Trap- 
rocks,  Whinstone) ;  voids,  134 
—7  ;  washing,  147  ;  weight,  181 ; 
wetting,  99,  147. 
Air-slaking  —  Hydraulic  limes,  24; 
Portland  cement,   57,   79 — 84  ; 
slag  cement,  43. 
Alexander — Quantity  of  water  in 
concrete,    98  ;    sea  -  water  and 
hydraulic  limes,  103  ;  value  of 
sands,  108,  113. 
Allen  and  Son,  M. — Concrete-and- 
iron beams,  200  ;— floor,  270. 
Alumina  in  hydraulic  limes  and 
cements,  15,  29,  89 — 94  ;  puoz- 
zolana,  &c,  107 ;  slag  cement, 
41,  93. 

Analyses  of  limes  and  cements,  &c, 
15,  29,42,  88—94,  107. 

Arch-blocks  for  bridges,  104,  297, 
330  ;  floors,  294. 

Arches— Bridges,  104,  295,  297—8, 
330,  358;  Colson's  tests,  287— 
290;  depositing  concrete  in,  163, 
293  ;  floors,  261,  269,  285—296 ; 
foundations,  227,  228  —  231 ; 
roofs,  261,  301,  304. 

Armoured  Concrete  —  (See  Rein- 
forced. ) 
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Artificial  cements  —  Classification, 
10 ;  Keene's  cement,  41 ;  Martin's, 
41 ;  Parian,  41 ;  Portland,  46—94 
{q.v.)  ;  slag  cement,  41 — 5  (q.v.). 

Artificial  stone,  193,  237—9,  313, 
326,  327—333. 

Asphalt  roofs,  302. 

Atkinson's  cement,  28. 

Austrian  rules  for  Portland  cement, 
60. 


RAKER,  Prof.  Ira  0.—  Salt  in 
concrete,  171 ;  sugar  in  con- 
crete, 173. 

Baker,  Sir  Benjamin — Theoretical 
investigations,  208. 

Balconies,  260—1. 

Ballast,  Thames,  127,  134,  136, 
139,181,  183,  215,  261,  328,  337 
—8  (see  Clay,  Gravel,  Shingle) 

Bamber,  H.  K. — Coarse  and  fine 
Portland  cement.  59  ;  water  re- 
quired in  Portland  cement  con- 
crete, 96,  97,  179. 

Bamber,  H.  K.  £.— Coarse  and  fine 
Portland  cement,  58  ;  cost  of 
finely  grinding,  60. 

Barnstone  Blue  Lias  lime,  14,  17, 
89,  152. 

Barrow  Blue  Lias  lime,  14,  22  ; 

selenitic,  22. 
Basalt,  251. 

Bauschinger,  Prof.—  Tensile  and 
compressive  strength  of  Portland 
cement,  69. 

Beams  —  Colson's  tests,  195,  287 — 
290  ;  compared  with  arches,  287 
— 290  ;  formulas  for  strength  of, 
193  ;  —  concrete  beams  with  iron 
rods,  &c,  207  ;  strength  of  cement, 
71—2  ;  —  of  concrete,  131,  189 

— 198  ;  with  iron  rods,  &c, 

199—214,  336—351. 

Benison!s  smoke-receiver,  315. 

Bemays,  E.  A. — Cost  of  lime  and 
cement  concrete,  184  ;  facing- 
concrete,  323  ;  layers  of  concrete, 
162  ;  mixing  concrete,  150  ; 
shapes  of  briquettes,  61. 


Biton,  2,  150,  154. 

Blake  stone-breaker,  142. 

Blocks,  Concrete — in  bridges,  104, 

297,  330  ;  floors,  280—283,  294  ; 

foundations,    235 — 6  ;  paving, 

193,  237—242;  walls,  235—  , 

306,  326,  327—333. 
Blocks,  Fire-clay,  269,  280—3,  292, 

295. 

Block's,  Wood,  248. 

Boarded  floors,  249,  250,  314. 

Boehme,  Dr. — Koman  and  Port- 
land cements,  31. 

Bohme,  Prof. — Effect  of  frost  on 
briquettes,  167. 

Bomches,  F. — Analysis  of  Teil  lime, 
89. 

Breaking  weight  of  concrete  arches, 
288  ;  beams,  190 — 8  ;  — with  iron 
rods,  &c,  205—214  ;  flat  floors, 
262  ;  wood  joist,  191.  (See 
Strength,  Tables.) 

Brick  aggregate,  36,  38,  121—3, 
127,  134,  181—2,  190,  205,  210, 
215,  261—2,  265,  270,  288  ; 
compared  with  shingle,  122  ;  fire- 
resistance,  184 — 8. 

Brick  crushed  or  ground,  36,  106, 
114—5,  228—230. 

Brick  facing  for  concrete  walls,  326. 

Brick,  Foundations  of,  and  con- 
crete, 219. 

Bridges,  104,  295,  297,  330,  358. 

Briquettes  —  Age  when  tested,  65  ; 
manufacture,  62  ;  proportioned 
by  weight  and  volume,  21,  31  ; 
shape,  61  ;  temperature,  62,  166 
— 7  ;  water  required,  63. 

Broughton — Arched  concrete  floor 
and  balcony,  261. 

Brownlie  and  Murray's  arch-and- 
invert  girders.  277. 

Building-frames',  &c,  7,  163,  230, 
234,  309—313,  317,  323. 

Burnell — Underpinning  at  Chat- 
ham, 231. 

Burnt  clav,  114—5,  123,  182,  215, 
261. 
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CAISSONS,  Concrete,  232—3. 
\J    Calcareous  aggregates,  119, 127, 

134,  181—4. 
Calcareous  sands,  106,  108,  115. 
Calcination  —  Effect  on  setting  of 

Portland  cement,  80. 
Calcination  of  hydraulic  limes,  15, 

90  ;  natural  cements,  29,  89  ; 

plaster  of  Paris,  33  ;  Portland 

cement,  48,  90  ;  rich  lime,  10  ; 

volcanic  earths,  107. 
Calderwood  cement,  28. 
Carboniferous  limestones,  14,  15, 

17,  22. 

Carey,  A.  E. — Analysis  of  Portland 
cement,  89  ;  compressive  strength 
of  Portland  cement,  70  ;  dura- 
bility of  Portland  cement,  76  ; 
effect  of  dirty  water  on  Portland 
cement,  100  ;  effect  of  sea  water 
on  Portland  cement,  102  ;  effect 
of  sugar,  salt  and  soda  on  Port- 
land cement,  172 — 4  ;  sack- 
blocks  of  concrete  at  Isfewhaven, 
235  ;  tensile  strength  of  Portland 
cement,  66  ;  water  (quantity  re- 
quired in  Portland  cement  con- 
crete), 96,  98. 

Cash — Porosity  of  concrete,  180. 

Caws,  Frank — Ceilings  of  concrete 
floors,  267  ;  concrete  floors,  253, 
258,  261,  263. 

Ceilings,  266,  294. 

Ceilings,  domed,  296. 

Cement  —  Classification,  9  ;  defini- 
tion, 16  (see  Natural,  Artificial). 

Centring  under  concrete,  194,  265  ; 
corrugated  iron  — ,  269,  283. 

Chalk  aggregate,  121  ;  chalk  lime, 
22  ;  chalk  lime,  selenitic,  22. 

Channels,  240,  241,  245. 

Chases  for  edges  of  floors,  264, 
291. 

Chatelier,  Le — Setting  of  Portland 

cement,  92 — 3. 
Chimneys,  316. 

Clark,  D.  K. — Bearing  power  of 

piles,  225. 
Clarke,  E.  C. — Loam  in  briquettes, 

110 ;  ramming  concrete,  160  ; 


water  (quantity  required  in  Port- 
land cement  concrete),  96. 

Clay  — Burnt,  114—5,  123,  182, 
215,  261  ;  effect  of  excess  in  Port- 
land cement,  47,  80  ;  in  coffer 
dams,  235  ;  in  hydraulic  limes, 
13,  15,  88  ;  in  mortars,  110  ;  in 
natural  cements,  28,  88  ;  in  Port- 
land cement,  47,  88  ;  safe  bearing 
powers  of,  218  ;  weight  of,  319. 

Clinker,  Furnace,  123,  128,  182, 
190,  245,  271. 

Cloth-felt,  248. 

Coarse  sand  v.  fine,  111 — 3. 

Coffer-dams,  235. 

Coke-breeze — Absorbence,  99,  124; 
fire  resistance,  36,  124,  184 ;  in 
concrete,  123. 128,  203,  245, 248— 
250,  261,  265,  271,  276—7,  294, 
332 ;  strength,  36,  114-5,  128, 
190,  210  ;  weight,  36,  123,  182. 

Cold— Effect  on  cement,  84,  166  ; 
effect  on  concrete,  165 — 78,  245, 
302,  321. 

Coloured  concrete,  239,  244,  246—7, 
297,  313,  330—2  ;  coloured 
stucco,  324. 

Colour  of  Portland  cement,  53. 

Colson,  C.  —  Brick  concrete  v. 
shingle  concrete,  122 ;  grey  lime, 
Portland  cement,  loam,  &c,  23  ; 
porous  and  non-porous  sands,  106 ; 
Portland  cement  (fineness),  60  ; 
strength  of  concrete  arches,  287 — 
290  ;  strength  of  concrete  beams, 
190—1,  195.  [351—2,  359. 

Columbian  reinforced  concrete,  350 

Columns,  Protection  of  iron,  283. 

Composition  of  cements — Keene's," 
41  ;  Martin's,  41  ;  natural,  28, 
89  ;  Parian,  41  ;  plaster  of  Paris, 
33 ;  Portland,  47,  50,  89  ;  Robin- 
son's, 39  ;  slag,  42,  89. 

Composition  of  limes — Hydraulic, 
13,  89  ;  poor,  12 ;  rich,  10 ;  sele- 
nitic, 25. 

Composition  of  concrete— Allen's, 
271  ;  arches,  288,  291,  297  — 
8 ;  beams,  190—1,  210—11 ; 
blocks,    328  ;    floors,  261—2, 


366 


INDEX. 


265  ;  floor-surfaces,  246  ;  founda- 
tions, 215—6,  231,  233  ;  ground- 
layers,  245  ;  lime-concrete,  152, 
215 ;  Lindsay's  pumice  concrete, 
277  ;  paving,  241 ;  sewers,  298  ; 
solid  concrete,  138,  180  ;  under- 
pinning, 231  ;  walls,  308.  (See 
Proportions  of  Ingredients. ) 

Composition  of  concrete  deposited 
in  water,  234. 

Compression  of  concrete,  127,  151, 
160,  180—1,  230—1. 

Compressive  strength — Gravel  con- 
crete with  various  matrices,  183  ; 
hydraulic  limes,  22,  183 ;  Port- 
land cement,  30,  45,  69,  70,  94, 
181,    183  ;  —  with  insufficient 

water,  98  ;  lime,  70  ;  

various  aggregates,  127 — 8,  164, 
181  —  2  ;  Robinson's  cement, 
39 ;  Roman  cement,  30,  32 ; 
selenitic  lime,  26,  183  ;  slag 
cement,  44. 

Compressive  and  tensile  strength, 
Ratio  between,  of  Roman  and 
Portland  cements,  30,  69,  70. 

Concrete,  Definition  of,  1. 

Condensation  on  concrete,  303, 
316. 

Constants  for  concrete  arches,  288 
—290  ;  beams,  190—1,  337,  348 
— 9  ;  floors,  258,  262  ;  retaining 
walls,  319. 

Constants  for  concrete  -  and  -  iron 
beams,  210—1,  337—8,  348—9. 

Contraction  during  hardening  — 
Lime,  12  ;  Portland  cement,  83, 
116. 

Contraction  of  concrete  by  cold,  84, 

177,  245,  302,  321. 
Coping,  323. 

Corbel  courses  for  floors,  264,  291. 
Cork  carpet,  251. 

Corrugated  iron  in  floors,  269,  283 ; 

to  protect  columns,  284. 
Cost  of  finely  grinding  Portland 

cement,  60. 
Cost  of  lime  and  cement  concrete, 

184 ;  mortars,  23. 
Coved  floors,  263—4. 


Cox,  A.  A. — Steel  in  foundations, 
223. 

Cracks  in  concrete,  84,  177,  245, 

302,  321. 
Croft  Granite  Brick  and  Concrete 

Co.,  193,  238—40,  297,  313,  331. 
Crozier,  Col.  —  Strength  of  concrete 

beams,  190 — 1. 


T)A  WNA  Y'S  floor,  270. 

Definitions,  —  Aggregate,  1  ; 
beton,  2  ;  cement,  16  ;  concrete, 
1  ;  hydraulic  limes,  13  ;  matrix, 
1 ;  sand,  105  ;  " slow-setting,"  80. 

Dennett  and  Ingle — Floor,  290 ; 
domed  ceilings,  296. 

Density  of  concrete  affected  by 
nature  of  aggregate,  179  ;  quan- 
tity of  sand,  132  ;  quantity  of 
water,  97  ;  ramming,  160 — 1. 

Density  of  concrete  walls,  315,  323. 

Depositing  concrete,  158, — in 
arches,  163,  293  ;  floors,  314  ; 
frost,  168—174,  176  ;  heat,  165  ; 
layers,  161,  230  ;  water,  159,  234. 

Domes  3,  295,  296,  301,  304. 

Drain  pipes  bedded  in  concrete,  300. 

Drain  pipes,  concrete,  299. 

Drake,  C. — Building  frame,  7  ;  flat 
floor,  258. 

Durability  of  concrete,  5,  6,  161  ; 
Portland  cement,  76  ;  sand,  114. 

Dust  in  aggregates,  109,  238,  246, 
247. 

Dust  in  sands,  112. 

Dyckerhoff,  Messrs.  —  Contraction 
and  expansion  of  Portland  cement, 
83  ;  impervious  concrete,  101  ; 
tensile  and  compressive  strength 
of  Portland  cement,  69,  70  ;  ditto, 
mixed  with  lime,  70 ;  tensile 
strength  of  coarse  and  fine  Port- 
land cement,  58  ;  —  slow  and 
quick-setting  Portland  cement, 
80. 

Dyer,  J.  B. — Analysis  of  Portland 

cement,  89. 
Dyke,  Thomas —  Facing  -  concrete, 

323  ;  test  of  whinstone,  119. 
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PD WARDS,   F.    0.—  Concrete- 
and-iron  beams,  200,  203,  209, 
—214. 

Efflorescence  on  concrete  walls,  110. 

Eggert-Yloors,  353. 

Evaporation  of  water  from  stucco 

and  concrete,  99,  165,  246. 
Expanded  metal  in  concrete,  347 — 

350,  359—360. 
Expansion  of  concrete  by  heat,  84, 

177 ;  —  of  Portland  cement  in 

hardening,  83. 


FACING-CONCRETE  for  build- 
ing -  blocks,   &c,  323,   328 ; 
floors,  246  ;  walls,  235,  323. 
Factor  of  safety,  198,  201,  221—2, 

258,  260. 
Faija,  Henry — Analyses  of  lime 
and  Portland  cement,  89  ;  appa- 
ratus for  testing  soundness  of 
Portland  cement,  78  ;  —  tensile 
strength  of  cement,  64 ;  —  weight 
of  cement,  54 ;  compressive 
strength  of  Portland  cement,  70  ; 
porosity  of  concrete,  180  ;  ratio 
between  tension  and  compression 
of  Portland  cement,  69  ;  Robin- 
son's cement,  39  ;  sand  test  for 
Portland  cement,  68  ;  shape  of 
briquettes,  62 ;  specification  of 
tensile  strength  of  Portland 
cement,  66  ;  specific  gravity  of: 
Portland  cement,  56  ;  sugar  in 
Portland  cement  concrete,  173  ; 
weight  of  stored  Portland  cement, 
55. 

FawcetVs  fire-proof  flooring,  280. 
Ferro-concrete.  (See  Reinforced. ) 
Fineness  of  Lias  lime,  14  ;  Portland 

cement,  56—60,  77,  85,  87,  361  ; 

sand,  111 — 3 ;  slag  cement,  43. 
Fire-brick  aggregate,  36,  38,  270. 

See  Brick. 
Fire-clay  blocks  for  columns,  283  ; 

floors,  295  ;  girders,  283,  292. 
Fire-clay  lintels  for  floors,  269, 

280-3. 


Fire-resistance  of  aggregates,  36, 118, 
120—5,  361  ;  concrete,  184—8; 
floors,  283,  296  ;  plaster  of  Paris, 
34—9,  294  ;  Portland  cement, 
36—9,  45,  77,  184—8;  Robin- 
son's cement,  39  ;  roofs,  304  ;  slag 
cement,  45. 

Fir  joist,  Transverse  strength  of, 
210. 

Fitzmaurice — Depositing  concrete 

in  frost,  169,  176  ;  effect  of  frost 

on  briquettes,  167. 
Fixing  -  blocks — Thompson's,  250, 

314  ;  Wright's.  249,  314. 
Fixing  edges  of  floors,  195,  257, 

259,  263. 
Fixing  ends  of  arches,  289,  291  ; 

beams,  194. 
Flags,  Artificial,  193,  237—9  ;  —  for 

walls,  313. 
Flints,  2,  6,  120,  127. 
Floors,     Arched,     290—1,    314  ; 

—  with  iron  centring,  268—290. 
Floors,    Flat,     253—267,     314  ; 

with  iron,  269—284  ;— and  fire- 
clay lintels,  269,  280—3. 

Floors  on  solid  ground,  237 — 245. 

Floor-surfaces,  246—252. 

Floor-surfaces,  Resistance  to  wear 
of,  251. 

Flues  in  concrete  walls,  315. 

Formulas  for  arches,  287 — 290  ; 
beams,  193  ;  —  of  concrete  and 
iron,  207  ;  foundations,  219—222  ; 
piles,  225  ;  retaining  walls,  319 — 
322 ;   slab-floors,  254—6,  259  ; 

—  containing  iron  bars,  &c,  274  ; 
strength  of  Portland  cement  mor- 
tars, 75,  105. 

Foundations,  215  —  236;  aggre- 
gates, 118  ;  arches,  227 — 8  ; 
bearing-power  of  grounds,  217  ; 
caissons,  232;  concrete,  221 — 
236  ;  — piles,  224  ;  — reinforced 
concrete,  223 — 4,  236  ;  deposit- 
ing, 158,  161,  230  ;  grouting 
gravel,  234  ;  lavers,  227  ;  Lon- 
don C.  C.  bye-laws,  184,  215; 
machine  beds,  234;  springs  of 
water,  101,  283 ;  temperature  in 
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trenches,  176 ;  underpinning, 
231  ;  works  in  water,  234. 

Fox  and  Barrett  floor,  269. 

Freezing-point  of  fresh  water,  172  ; 
of  sea  water,  172  ;  of  water  con- 
taining salt,  171  ;  —  sugar,  172. 

Frost,  166  ;  effect  on  briquettes, 
167  ;  —  on  concrete,  167  ;  reme- 
dies against,  168 — 178. 


ERMAN    standard  regulations 
for  Portland  cement,  44,  59, 
85. 

Gillmore,  Q.  A. — Concrete  mix- 
ing-machines, 157 — 8  ;  granite- 
sands,  &c,  107  ;  paving,  241  ; 
slaking  lime  with  sea -water,  17  ; 
transverse  strength  of  Portland 
and  Roman  cements,  72,  191  ; 
voids  in  aggregates,  136  ;  water 
in  concrete,  151. 

Girders,  Brownlie  and  Murray's, 
277  ;  Lindsay's  skewback,  292. 

Girders,  Protection  of,  267,  283, 
292. 

Glass  aggregate,  127,  181. 
Granite-concrete,    127,    134,  164, 

181,  237—9,  261,  323. 
Granite-concrete  floor-surfaces,  246, 

251. 

Granitic  rocks  for  aggregates,  &c, 
107,  119,  126,  128—9. 

Granitic  sands,  106—9,  246. 

Granolithic  paving,  Stuart's,  193, 
239,  241,  248,  337  ;  reinforced 
granolithic,  336—341. 

Grant,  John — Concrete,  compres- 
sive strength,  127,  181,  183; 
ramming,  127,  161  ;  sewers,  298  ; 
weight,  181.  Limes,  tensile 
strength,  19,  20.  Natural 
cements,  19,  20,  32.  Portland 
cement,  adhesive  strength,  73 ; 
analyses,  89  ;  durability,  74  ; 
expansion  and  contraction,  83  ; 
fine  and  coarse,  59  ;  fresh  and 
air-slaked,  80,  83  ;  sand-test,  68  ; 
shape  of  briquettes,  62  ;  specific 


gravity,  56  ;  specification,  85  ; 
tensile  strength,  19,  20,  32,  59, 
66,  68 ;  weight,  54—5.  Sand, 
clean  and  loamy,  109  ;  coarse 
and  fine,  111. 

Grashof—  Formulas  for  strength  of 
slabs,  254. 

Gravel  as  aggregate,  117,  127,  131, 
134—6,  140,  181—3,  215,  261. 

Gravel,  bearing- power  for  founda- 
tions, 218. 

Gravel  for  floor-surfaces,  246 ; 
grouting  — ,  234  ;  under  paving, 
241  ;  weight,  319. 

Grawitz,  G. — Fine  and  coarse  Port- 
land cement,  59. 

Grey  lime,  6,  20,  23,  70,  181,  183, 
231. 

Grey  lime  compared  with  Portland 
cement  (strength  and  cost),  23. 

Grey  lime  mixed  with  Portland 
cement,  23,  70. 

Grinding  hydraulic  limes,  17  ; 
Portland  cement,  49.  (See  Fine- 
ness. ) 

Grinding-test  for  wear,  119,  128, 
251. 

Grooves  in  paving,  242. 
Ground-layers,  227,  245. 
Grounds,  Safe  bearing  power  of, 
217. 

Grounds  behind  retaining  walls, 

Constants  for,  319. 
Grouting    blocks,    328  ;     brick  - 

paving,  244;  foundations,  234. 
Guthrie  —  Setting    of  Portland 

cement,  92. 
Gwilt — Strength  of  stone  beams, 

191. 

Gypsum,  effect  on  Portland  cement, 

"80,  83,  90. 
Gypsum  in  plaster  of  Paris,  &c. 

33  ;  — in  selenitic  lime,  25.  [See 

Plaster  of  Paris.) 


HAIR  -  CRACKS    in  concrete, 
178,  330. 
Half-timber  work,  325. 
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Halkin  mountain  lime,  14,  15,  17, 
23. 

Hailing  lime,  231. 

Harwich  cement,  28. 

Hawksley's  patent  treads,  305. 

Heat — Effect  on  concrete,  165,175 — 
6,  184 — 8  ; — limes  and  cements, 
17,  34—9,  62,  77—8,  82,  165—7. 

Hennebique  Eeinforced  concrete, 
352,  354,  358—9. 

Historical  sketch  of  concrete,  2 — 8. 

Hollow  walls,  317,  355. 

Roman  and  Rogers  s  floors,  277, 
282,  290. 

Hudson ,  F. — Magnesian  lime,  89. 

Button,  D. — Sand  in  concrete,  131 ; 
concrete  beams,  190 — 1. 

Hyatt,  Thaddeus — Concrete  and 
iron  beams,  200,  203,  205—14  ; 
expansion  of  Portland  cement 
and  iron,  84 ;  fire-resistance  of 
concrete,  184 — 8  ;  —  plaster  of 
Paris,  Portland  cement,  &c,  38  ; 
gridiron-tie  floor,  271. 

Hydraulic  limes — Analyses,  15, 89; 
calcination,  15,  90  ;  composition 
of  raw  stones,  13  ;  definition,  13  ; 
effect  of  sugar,  173  ;  grinding, 
17;  setting,  18;  slaking,  16; 
storing,  24  ;  strength,  adhesive, 
22;  compressive,  183;  tensile, 
20 ;  subdivisions,  13  ;  testing, 
18  ;  uses,  25.  {See  Carboni- 
ferous, Grey,  Lias,  Magnesian, 
Selenitic.) 

Hydraulic  limes  in  foundations, 
215—6,  228-231. 


TGNEOUS  rocks,  &c,  107,  119, 
1    128,     251.      {See  Granitic, 

Trappean,  Volcanic.) 
Imperial  stone,  238,  241,  299. 
Imperviousness  of  concrete,  97, 101, 

132-3,  138,  161,  179,  245,  315, 

323. 

Impurities  in  sands  and  aggregates, 
104,  109,  115,  147  ;  in  water, 
100. 


Induration  of  limes  and  cements, 

74,  90-4,  100.    {See  Setting.) 
Interstices  in  aggregates,  134 — 7, 

140,  180  ;  Portland  cement,  137; 

sands,  113,  115,  134,  137,  140  ; 

slag  cement,  140. 
Iron,  Corrugated,  in  floors,  269 — 

83. 

Iron  ore  as  aggregate,  125. 

Iron,    Oxide    of,    for  colouring 

cement,  &c,  247,  325. 
Iron,    Oxide   of,    in    limes  and 

cements,  88  —  90  ;  — water,  effect 

on  Portland  cement,  101,  233. 
Iron  pyrites,    effect  on  concrete, 

104. 

Iron  in  concrete.    (See  Reinforced 

concrete.) 
Iron  Joists  in  Fawcetfs  flooring, 

Table  of—,  282. 
Iron,  Protection  of,  from  fire,  184 

—188,  203,  267,  269—271,  283. 


JOISTS.    (See  Fir,  Iron.) 


KAMPTULICON,  251. 
Keene's  cement,  41. 
Kiddy  Wm.  —  Ingredients  in  con- 
crete block,  139 — 140  ;  strength 
of  concrete  beams,  190 — 1. 
Kinijpple — Tests  of  crushed  sand- 
stone and  pit-sand,  113. 
Kirkaldy,  D. — Strength  of  con- 
crete beams,  190—1,  203,  209— 
11. 

Knapp — Setting     of    limes  and 

cements,  90 — 1,  94. 
Kyle,    John  —  Concrete  caissons, 

233  ;  strength  of  concrete  beams, 

190—1. 


LAITANCE,  21. 
Lascelles,  W.  H.  —  Artificial 
stone  slabs,  &c,  239,  304,  31b, 
331. 
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Lawford,  G.  M. — Slag  cement,  45. 
Layers    of    concrete,    161,    230  ; 

foundation-layers,  227  ;  ground- 
layers,  245. 
Lias  cement  (Rugby),  20,  21,  183. 
Lias  lime  concrete  —  Compressive 

strength,    183  ;    mixing,    152  ; 

proportions  of  ingredients,  133. 

(See  Hydraulic  limes. ) 
Lias  limes,  14 — 25  ;  analyses,  89  ; 

calcination,    15,    90  ;   effect  of 

sugar,  173. 
Lime,    Oxide    of,    in   limes  and 

cements,    10,    16,    89,    90—4  ; 

— effect  on  setting  of  Portland 

cement,   57,    79,    80,   330  ;  — 

quantity  in  Portland  cement,  81. 
Limes  —  Classification,    9;  poor, 

12  ;  rich,  10—12,  173.  (See  Grey, 

Hydraulic,  Selenitic.) 
Limes  in  concrete,  6,  181,  183,  215, 

231. 

Limes  mixed  with  Portland  cement, 

23—5,  70. 
Limestones  as  aggregates,  119,  121, 

126—128,  136,  164,  181—2,  228, 

361  ;  for  floor  surfaces,  246. 
Limestones  as  sands,  106,  108,  115. 
Limestones,  Transverse  strength  of, 

191. 

Lindsay,  Neal  &  Co.'s  concrete  and 
iron  floors,  273,  276,  278,  280, 
293  ;  pumice  concrete,  277. 

Lintels  (See  Beams,  Fire-clay 
lintels). 

Loam,  effect  on  Portland  cement, 
23,  24,  109—110. 

Lockwood,  Hamor  —  Arched  con- 
crete floor,  261 ;  fire-resistance 
of  Portland  cement  and  plaster 
of  Paris,  38. 

London  C.  C.  bye-laws,  184,  215, 
222,  308. 

Loiucock,  S.  R. — Strength  of  fur- 
nace-clinker concrete,  128 ;  — 
beams,  190 — 1. 

Lump  lime,  18. 


MACHINE-BEDS,  234. 
Machines  for  breaking  aggre- 
gates, 141 — 5  ;  mixing  concrete, 
154 — 8  ;  testing  cement,  63,  64, 
78  ;  washing  sand,  147. 
Mackay,    W.   W.  —  Portland  ce- 
ment briquettes  in  varying  tem- 
peratures, 166. 
Maclean's  paving-blocks,  240. 
Magnesia  in  limes,  14 ;  Portland 

cement,  89,  90. 
M.ignesian  limes,  13,  14,  89. 
Mann,  C.  —  Adhesive  strength  of 

Portland  cement,  73,  87. 
Manufacture  of  artificial  stone, 
237,  330—2  ;  beton,  150,  154  ; 
concrete,  141 — 164  ;  hydraulic 
limes,  15  ;  plaster  of  Paris,  33  ; 
poor  lime,  12  ;  Portland  cement, 
48  ;  rich  lime,  10  ;  Roman  cement, 
&c,  29  ;  selenitic  lime,  25  ;  slag 
cement,  42. 
Marble  for  floor  surfaces,  246  ;  mo- 
saic tiles,  248  ;  resistance  to  wear, 
251. 

Martin's  cement,  41. 

Mason  and  Co.'s  concrete-mixer, 
156  ;  stone-breaker,  142 — 4. 

Mason's  unwearable  treads,  305. 

Matrix— definition,  1  ;  classifica- 
tion, 9. 

Measure's  floor,  270. 

Measuring  ingredients  of  concrete, 
130,  148. 

Measuring  voids  in  aggregate  and 
sand,  134. 

Mediaeval  concrete,  5,  6. 

Medina  cement,  7,  28,  32,  89. 

Messent's  concrete-mixer,  153. 

Mesurier's  concrete  mixer,  156. 

Metropolitan  B.  W.  bye-laws,  146, 
307.    (See  London  C.  C. ) 

Metropolitan  Building  Acts,  Sug- 
gestions for  amending,  216. 

Michaelis,  Dr.  —  Machine  for  test- 
ing tensile  strength  of  Portland 
cement,  64 ;  Portland  cement, 
composition,  50  ;  —  setting,  93  ; 
—  strength,  67  ;  —  uselessness  of 
coarse,  59  ;  — weight,  55. 
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Michele  —  Machine  for  testing 
tensile  strength  of  Portland  ce- 
ment, 64  ;  specifications  of  Port- 
land cement,  86. 

Microscopic  examination  of  Port- 
land cement,  53. 

Middleton,  Prof.  —  Roman  con- 
crete, 4,  261. 

Millbank  penitentiary,  Founda- 
tions of,  6. 

Mixing  concrete  by  hand,  150 — 4  ; 
by  machine,  154 — 8. 

Monier  floors,  domes,  &c,  276, 
283,  295,  336,  359. 

Monolithic  walls,  235—6,  306-326. 

MorelanaVs  concrete-and-iron  floors, 
269,  277,  279,  290. 

Mortar  —  Coat  to  receive  bricks, 
244,  248  ;  durability,  76  ;  floor- 
surfaces,  246 — 8  ;  mixing,  17, 
150,  152—4  ;  porosity,  1&0— 1  ; 
quantity  in  concrete,  137  ;  re- 
sistance to  wear,  251  ;  strength 
in  concrete,  133.  {See  Adhesive, 
Age,  Cement,  Compressive,  Limes, 
Stucco,  Tensile,  Transverse,  &c.) 

Moxon,  C.  F. — Concrete  floors,  249. 

Mud,  Effect  of,  on  cement,  100,  110. 

STATURAL  CEMENTS— Adhe- 
IM  sive  strength,  32  ;  American, 
32,  241  ;  analyses,  89  ;  Atkin- 
son's, 28  ;  calcination,  29  ;  Cal- 
derwood,  28  ;  classification,  9  ; 
compared  with  Portland,  22,  32  ; 
composition,  28,  88  ;  compressive 
strength,  30,  32  ;  Harwich,  28  ; 
Medina,  7,  28,  32,  89  ;  Rugbv, 
20,  22,  183  ;  setting,  29,  33,  34, 
90  ;  tensile  strength,  30—32  ; 
uses,  33,  248.  (See  Plaster  of 
Paris,  Roman  cement,  &c.) 
Norririgton,  J.  P. — River-wall  at 
Fulham,  328. 

OIL  on  building-frames,  298,  310, 
328. 

Openings  in  concrete  walls,  313. 
Organic  matter,  Effect  on  cement, 
100,  110. 


PACKING  in  concrete,  159,  230, 
297,  317. 
Pantheon,  Dome  of,  3. 
Parian  cement,  41. 
Parquetry,  248,  251. 
Partitions,  332—3. 
Paving,  193,  237—9,  241—8. 
Payne,  A. — Porosity  of  walls,  315. 
Perrodil— Hardening  of  Portland 

cement  in  air  and  water,  94. 
Petro- silicon  paving,  241. 
Pettenkofer — Setting    of  Portland 

cement,  91. 
Phillips's  floor,  270. 
Pickwell,  Robert — Bulk  of  concrete 

produced,  140. 
Piers  and  arches  in  foundations, 

228—231. 
Piles,  224—7,  235. 
Pinholes  in  concrete-blocks,  &c, 

95,  330. 
Pipes  in  concrete  walls,  315. 
Pit-sand,    106.    109,    113,  115, 
147. 

Plaster  of  Paris,  33 — 40 ;  arch- 
blocks,  294  ;  compared  with  Port- 
land cement,  36  ;  ceilings,  267, 
296  ;  composition,  33  ;  fire-resist- 
ance, 34 — 9,  45,  294  ;  in  floors, 
265 — 6,  291  ;  proportion  of  aggre- 
gate, 133  ;  Robinson's  cement, 
39,  40  ;  tensile  strength,  34,  36  ; 
uses,  34,  41,  265—7,  291,  296, 
332 ;  weight,  34.  (See  Selenitic 
lime,  &c.) 

Polished  concrete  floors,  247  ;  tiles, 
248,  331. 

Porositv  of  aggregates,  121 — 4  ; 
concrete,  97—8,  132—9,  179 — 
80  ;  drain -pi  pes,  300  ;  mortars, 
181  ;  walls,  315,  323. 

Porous  and  non-porous  sands,  106. 

Porphyry,  251. 

Portland  cement,  46 — 94  ;  adhe- 
sive strength,  22,  72,  87  ;  air- 
slaking,  57,  79—84,  330  ;  analy- 
ses, 89  ;  briquettes,  61—65;  cal- 
cination, 48,  90  ;  colour,  53  ;  com- 
position, 47,  50  ;  compared  with 
grey  lime,  19—24, 183  ;  — plaster 
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of  Paris,  34 — 9  ;  —  natural  ce- 
ments, 20—2,  30—3,  183;  — 
selenitic  limes,  20,  183  ;  —  slag 
cement,  44 — 5  ;  durability,  76  ; 
expansion  and  contraction,  83 — 4, 
116,  177;  fineness,  55—60,  77, 
85,  87,  361 ;  fire-resistance,  36— 9, 
45,  77,  184—8;  manufacture,  48  ; 
microscopic  examination,  53  ; 
quick-setting  and  slow  setting, 
56,  63,  65,  79,  80,  81,  90  ;  setting, 
79,  87,  90—4  ;  soundness,  77  ; 
specifications,  65,  84 — 7  ;  specific 
gravity,  56 ;  storing,  81  ;  testing, 
50 — 87  ;  variableness,  56  ;  weight, 
53 — 6.  (SeeAge,  Compressive, Ten- 
sile, Tests,  Transverse,  Water,  &c.) 

Portland-stone  aggregate,  127,  134, 
181  ;  sand,  106,  115,  361. 

Portland-stone,  Transverse  strength 
of,  191. 

Posts  for  fences,  331. 

Potter,  Thomas  —  Balcony,  261  ; 
depositing  concrete  in  winter, 
177;  iron  bars  over  window  open- 
ings, 313 ;  rough-trowelling,  324. 

Pottery  aggregate,  122,  127,  134, 
181,  265.    {See  Brick.) 

Proportioning  briquettes  by  volume 
and  by  weight,  20 — 1,  31. 

Proportions  of  ingredients  in  con- 
crete,  127,  130—9,  180  ;  arches, 
288  ;  beams,  190—1,210  ;  bridges, 
297 — 8  ;  caissons,  233  ;  chimney, 
317  ;  floors,  261—2,  265  ;  floor, 
surfaces,  246,  252  ;  foundations, 
215,  228,  230,  235—6  ;  ground- 
layers,  245 ;  reinforced  concrete, 
236,  336—8,  343,  347—8,  360, 
361—2  ;  paving,  237—8,  241,  251 
—  2;  sewers,  298  ;  walls,  235— 
236,  307—9,  323—4,  327—8. 

Protection  of  concrete  during  set- 
ting, 163,  166,  174,  303. 

Pumice-concrete,  LindsayTs,  276, 
278,  292  ;  slabs  for  floors,  280. 

Pumice-stone  aggregate,  36. 

Puozzolana,  4, 107. 

QUANTITY  of  concrete  produced, 
139—140,  230. 


Quantity  of  concrete  to  be  mixed  at 
once,  148. 

Quantity  of  water  required  in  con- 
crete, 96—8;  Portland  cement 
briquettes,  63  ;  slaking  hydrau- 
lic limes,  16. 

Quartz,  128,  246. 

Quicklime,  10—11,  16,  81,  89—94  ; 
effect  on  setting  of  Tortland  ce- 
ment, 57,  79,  80.  330. 

Quick-setting  cements  (See  Natural 
cements,  Plaster  of  Paris,  &c. ). 

Quick-setting  Portland  cement,  56, 
63,  65,  80,  231. 

Quinette,  Baron — Coarse  Portland 
cement,  59  ;  durability  of  Port- 
land cement,  76. 


RAMMING  concrete,  127,  151, 
160,  180—1,  230—1. 
Ransome's  Building  Apparatus  for 

concrete  walls,  311 — 3. 
Ransome's  Twisted  Iron  in  floors, 
341—7;  —  foundations,  236  ;  — 
roofs,  304  ;— walls,  355—6. 
Reinforced  concrete,  334 — 362,  &c; 
arches,  358 — 9  ;  beams,  199  — 
214,  335—341  ;  columns,  353—4  ; 
conduits,  359—360;  floors,  270 
—7,  336—353;  foundations,  223 
— 4,  236  ;  partitions,  333  ;  roofs, 
304,  352  ;   sewers,   359  —  360  ; 
stairs,  305,  360  ;  walls,  354—8. 
Retaining  walls,  319—22. 
Ridley1  s  concrete-mixer,  157. 
River-sand,  106, 109,  110,  113, 147. 
Robinson's  cement,  39 — 40. 
Rollers  for  concrete  paving,  242 — 4. 
Roman  cement,  28— 33  ;  analysis, 
89  ;  proportion  of  aggregate,  133  ; 
rapidity  of  set,  33,  160  ;  trans- 
verse strength,  33,  72. 
Roman  concrete,  2 — 5,  259. 
Roofs,  261,  295,  302—4. 
Roof-tiles,  304—5. 
Rosher  &  Co. ,  F. -  Artificial  stone,  332. 
Rough-cast,  297,  325. 
Rough-trowelling,  324. 
Rugby  Lias  cement,  20,  22,  183. 
Russell,  J. — Concrete  caissons,  233. 
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SALT,  Effect  of,  on  cement,  100  ; 
—  in  concrete,  171  ;  —  in  sand, 
110. 

Sampling  Portland  cement,  53. 

Sand,  104 — 116  ;  Austrian  and 
German  standard,  67  ;  cleanli- 
ness, 104,  109,  115  ;  coarseness, 
111 ;  definition,  105  ;  durability, 
114;  English  "normal,"  68; 
fire-resistance,  86  ;  general  effect 
on  rich  lime,  12, 104  ;  —  cements, 
74,  83, 104  ;  — concrete,  131, 175, 
192,  262—3  ;  granitic,  106—9, 
246  ;  hardness,  113  ;  in  ballast, 
127,  131  ;  Leighton  Buzzard,  68  ; 
porous  and  non-porous,  106  ; 
pit-sand,  109,  113,  115,  147  ; 
proportion  in  concrete,  131 — 4, 
138  ;  river-sand,  106,  109,  110, 
113,  147 ;  sea-sand,  110,  115, 
148  ;  separate  measurement  of 
sand  and  aggregate,  130  ;  sharp- 
ness, 113  ;  voids  in  sand,  113,  134, 
137  ;  weight,  22,  319.  (See  Cal- 
careous, Igneous,  Mortar,  Sili- 
ceous, Strength,  &c.) 

Sand  —  Safe  bearing-power  for 
foundations,  218. 

Sand,  Substitutes  for,  36,  106,  114 
—116. 

Sandstone  aggregate,  120,  126,  128, 
136,  182. 

Sandstone— Resistance  to  wear,  251. 

Sand-test  for  Portland  cement,  67. 

Sandeman,  J.  W. — Yoids  in  aggre- 
gates, 135 — 8. 

Sanders,  Major — Bearing  power  of 
piles,  225. 

Scaffolding  under  concrete  beams 
and  floors,  195,  265. 

Sea-sand,  110,  115,  148. 

Sea-water,  17,  101—3, 123,  171—2. 

Seddon,  Col. — Effect  of  iron-water 
on  concrete,  101,  233  ;  floors 
with  iron  cables,  275  ;  strength 
of  slabs,  257,  260—3. 

Selenitic  limes,  20,  22,  25—7,  133, 
152—3,  183. 

Setting  of  concrete,  Hastening, 
174—6. 


Setting  of  hydraulic  limes,  18,  90 — 
4,  173  ;  natural  cements,  29,  33 
— 4,  90  ;  plaster  of  Paris,  34, 
175  ;  Portland  cement,  79,  87,  90 
—94,  167 ;  rich  lime,  11 ;  slag 
cement,  43,  93.  (See  Salt,  Sea- 
water,  Soda,  Sulphuric  acid, 
Sugar,  Temperature). 

Setting,  Theories  of,  91 — 4. 

Sewers,  298,  359—360. 

Sgraffito,  325. 

Shale,  Burnt,  38,  123. 

Shells,  125. 

Sheppey  cement,  28. 

Shingle,  117,  127,  131,  136,  181— 

183,  195,  261,  288,  319. 

Sieves  for  cement,  56.  (See  Fine- 
ness.) 

Silica,  89—93,  107,  238. 
Siliceous  sand,  106—9,  115. 
Siloes  at  Galatz,  356—7. 
Simmons,    Wm. — Concrete  floors 

with  iron  ties,  272. 
Simplex  combined  stone-breaker, 

142—4. 

Size  of  aggregate,  2—3,  124,  128, 
135—7, 140, 145—7, 190-1,  210, 
340,  343,  347,  348,  360,  361. 

Size  of  aggregate  for  artificial  flags, 
237—8;  blocks,  328  ;  bridges, 
297  ;  floors,  146,  261—2 ;  founda- 
tions,  146,  228 ;  ground-layers, 
245  ;  paving,  240,  246  ;  reinforced 
concrete,  340,  343,  347—8,  360 
—1 ;  walls,  140,  145,  308,  323. 

Slab-floors  without  iron,  253 — 267. 

Slabs  for  floors,  280,  283;  walls, 
313. 

Slag  aggregate,  125,  127,  140,  181, 

184,  190,  239,  246,  261  ;  fire- 
resistance,  36. 

Slag  cement,  41—5,  89,  93—4,  140. 
Slaking  hydraulic  limes,  16 ;  poor 

lime,  12 ;  rich  lime,  11.  (See 

Air- slaking. ) 
Slate  aggregate,  121. 
Slow- setting  Portland  cement,  56, 

63,  79,  8'»,  90  ;  slag  cement,  43. 
Smirke,  Sir  R. — Specification  of 

concrete  foundations,  6. 
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Smith,  Walter — Foundations  with 

piers  and  arches,  228—231. 
Soap  on  building-frames,  310. 
Soda — Effect  on  cement,  100  ;  —  on 

concrete,  171 — 2. 
Soundness  of  Portland  cement,  77 

—83,  86,  87. 
Spar  for  floor  surfaces,  246. 
Specifications  of  concrete  blocks, 

328  ;  foundations,  6,  228  ;  sewers, 

298  ;  walls,  2,  308,  328.  (See 

Proportions. ) 
Specifications  of  Portland  cement, 

65,  67,  84—7. 
Specific  gravity  of  Portland  cement, 

56. 

Springs  of  water  in  foundations, 

101,  233. 
Stable-floors,  242—4. 
Stairs,  305. 

Steam — Effect  on  slaking  of  hydrau- 
lic limes,  17  ;  use  in  frost,  169 — 
170,  175. 

Steel  in  concrete  beams,  199 — 214  ; 

floors,    268—283  ;  foundations, 

223.    (See  Iron.) 
Steps,  305. 

Stone  aggregates,  117 — 121,  &c. 
(See  Ballast,  Basalt,  Flints, 
Granite,  Limestones,  Porphyry, 
Quartz,  Sandstones,  Slates, 
Syenite,  Trappean,  Whinstone.) 

Stone-breaking  machines,  141 — 5. 

Stoney,  Bindon  B.  —  Concrete 
caisson,  233  ;  concrete-mixer, 
157. 

Storing  hydraulic  limes,  24 ; 
natural  cements,  29 ;  Portland 
cement,  80 — 1  ;  Selenitic  lime, 
27.    (See  Air-slaking. ) 

Street,  W.  O. — Arched  concrete 
roof,  261. 

Strength  of  concrete  arches,  285— 
290  ;  beams,  189  —  198  ;  beams 
with  iron  rods,  &c,  199—214  ; 
foundations,  217—226  ;  piles, 
225—6  ;  retaining  walls,  319— 
322  ;  walls,  308,  317—8.  (See 
Adhesive,  Cements,  Compressive, 
Limes,  Tensile,  Transverse.) 


Stuartfs  granolithic  paving,  241, 
337  ; — reinforced  concrete,  336 — 
341. 

Stucco,  99,  103,  110,  166,  324—5. 
Sugar  in  concrete,  100,  172 — 4. 
Sulphuric  acid  in  limes  and  cements, 

25,  80,  89,  90,  101,  104. 
Surfaces  of  floors,  246—252. 
Surkhi,  228,  230. 
Swimming-baths,  318. 
Syenite,  109,   119,   125,  128-9, 

238,  240,  246,  251,  297. 


WALL,  J.  —  Building-frame,  7 ; 

concrete  floor,  261. 
Tanks  of  concrete,  321,  323. 
Telegraph-poles  of  concrete  and 

iron,  331. 
Temperature — Effect  on  briquettes, 

34—9,  62,  77—8,  82,  166—7  ; 

—  concrete,  165,  167—178,  184 

—188,  245,  302,  321.  (See  Frost, 

&c.) 

Tensile  strength  of  grey  lime,  20, 
23  ;  hydraulic  limes,  20  ;  natural 
cements,  20,  30 — 2  ;  plaster  of 
Paris,  34,  36  ;  Portland  cement 
and  Portland  cement  mortars, 
20—4,  30—2,  34—8,  61—76,  80, 
85—7,  105—6,  111—2,  114—6, 
166—7,  361. 

Tensile  strength  of  Portland  cement 
mixed  with  coarse  or  fine  sand, 
111—2  ;  —  grey  lime,  23,  70  ;  — 
loam,  23,  109—110  ;  —  muddy 
water,  100 ;  —  pit-sand  and 
crushed  sand,  113  ;  —  porous  and 
non-porous  sands,  106 — 7  ;  — 
sands  and  substitutes,  36,  114 — 
116  ;  —  sea- water,  101—2  ;  — 
sugar,  173—4. 

Tensile  strength  of  Robinsonrs  ce- 
ment, 39  ;  Selenitic  limes,  20, 
26  ;  slag  cement,  44.  (See  Age, 
&c.) 

Tensile  and  adhesive  strength,  Ratio 
between.  73. 
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Tensile  and  compressive  strength, 
Eatio  between,  20  and  183,  30, 
69,  70. 

Tensile  strength  reduced  by  cold, 

&c,  62,  166—7. 
Tensile  strength  of  Portland  cement 

mortars,  Rules  for  finding,  75, 

105. 

Tensile  strength,  Testing  of — bri- 
quettes, 61 — 3  ;  machines,  63 — 5. 

Tension-rods,  &c,  in  concrete 
beams,  200—14 ;  floois,  270—7. 

Terrazzo,  247. 

Tests  of  limes  unsatisfactory,  18. 

Tests  (See  Adhesive,  Compressive, 
Fineness,  Specific  gravity,  Sound- 
ness, Tensile,  Transverse,  Weight, 
&c). 

Theory,  Danger  of,  208. 

Thomann's  roofing  tile,  304. 

Thompson's  brickwood  fixing- 
blocks,  314. 

Tkorowgood,  F.  N. — Bulk  of  con- 
crete produced,  140. 

Tichborne,  Prof. — Porosity  of  mor- 
tars, 181. 

Tiles  for  floors,  248;  roofs,  304; 
walls,  313,  326,  331. 

Transverse  strength,  Formulas  for 
finding,  193—4. 

Transverse  strength  of  artificial 
flags,  193;  fir-joist,  210—213; 
foundations,  218  —  222  ;  lime- 
stones, 190 — 1  ;  Portland  cement, 

71,  190—1  ;  —  concrete,  132,  189 

— 198  ;  with  iron  rods,  &c, 

200—214;  Roman  cement,  33, 

72,  191 ;  slag  cement,  191. 
Trappean  rocks,  107,  119,  128,  251. 
Trass,  107. 

Trench — Arched  concrete  floor,  261. 
Turret,  316. 


TNDERPINNING,  231—2. 
J  Unwin,  Prof. — Formulas  for 
strength  of  beams,  193 — 4  ;  — 
slabs,  257  ;  —  tensile  strength  of 
Portland  cement  mortars  of  dif- 
ferent ages,  75. 


VICTORIA  stone,  237,  241. 
Vitruvius — Concrete  walls,  2  ; 
Puozzolana,  107. 
Voids  (See  Interstices). 
Voids  in  monolithic  walls,  313. 
Volcanic  rock?,  107. 
Volume  and  weight,  Proportioning 
mortars  by,  21,  31. 


TV  ARE,  H.  H.— Concrete  chim- 
rr    ney,  316. 

Waller's  concrete-mixer,  156. 

Walls,  235—6,  306—326  ;  chim- 
neys, 316  ;  external  treatment, 
323  —  6  ;  hollow,  317,  355  ; 
London  bye-laws,  308  ;  L-shaped 
tiles,  312;  retaining,  319—322, 
327—330  ;  slabs,  &c,  313; 
swimming-baths,  318 ;  thickness, 
317,  355.  (See  Blocks,  Building- 
frames.  ) 

Ward  and  Co.'s  steel- webbed  floor, 
275. 

Washing  aggregates  and  sands, 
147—8,  361. 

Water  —  Chemical  reactions  with 
limes  and  cements,  11,  16,  91 — 4  ; 
depositing  concrete  in,  21,  100, 
159,  234  ;  effects  of  keeping  lime 
and  cement  briquettes  in,  20 — 1, 
30,  94,  99  ;  —  insufficiency  and 
excess  on  limes  and  cements,  95  ; 

—  loss  by  absorption,  &c. ,  from  con- 
crete, 99,  165,  246  ;  —  quantity 
on  density  of  concrete,  97,  179, 
180  ;  fresh  v.  sea  water,  101  ; 
impure,  100  ;  quantity  required 
for  slaking  hydraulic  limes,  16 ; 

—  in  Portland  cement  briquettes, 
63  ;  —  in  concrete,  96—7,  140, 
150—2  ;  temperature  for  tests, 
62,  166  ;  warm,  in  concrete,  103, 
169.    (See  Sea- water.) 

Wear,  Resistance  to  —  Floor-sur- 
faces, 251  ;  stones,  119,  128. 

Weather — Effects  on  concrete,  1 65 — 
178.  (See  Cold,  Cracks,  Tempera- 
ture.) 
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Webster,  J.  J. — Domed  ceilings, 
296  ;  fire-resistance  of  aggre- 
gates, 36,  125  ;  —  Portland 
cement  and  plaster  of  Paris,  36. 

Weight  of  concrete  briquettes,  36  ; 
hydraulic  limes,  15  ;  plaster  of 
Paris,  34  ;  Portland  cement,  53 
— 56,  85,  183  ;  Portland  cement 
concrete  with  various  aggregates, 
181 — 2  ;  Roman  cement,  29  ; 
sand,  22,  319  ;  slag  cement,  43  ; 
soils,  gravel,  &c,  319. 

Weight  and  volume,  Proportioning 
mortars  by,  21,  31.  {See 
Breaking-weight.) 


Whinstone,  119,  239,  323. 
Wilkinson  and  Co.,  W.  B. — Granite 

concrete,  &c,  239,  242,  261. 
Willis  and  Astleys  floor,  282. 
Wood-block   floors,     248.  (See 

Boarded. ) 
Wood  in  concrete  walls,  314. 
Wright's  fixing-blocks  for  boarded 

concrete  floors,  249,  314. 


-shaped  building-blocks,  Lish's. 
330. 


THE  END. 
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MECHANICAL  ENGINEERING,  ETC. 


THE  MECHANICAL  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data :  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.  Inst.  C.E., 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.  By  H.  H.  P.  Powles, 
A.M.I  C.E.,  M.I.M.E.  Small  8vo,  700  pp.,  bound  in  flexible  Leather  Cover, 
rounded  corners.  [Just  Published.    Net  6/0 

Summary  of  Contents  :— Mathematical  Tables.— Measurement  of  Surfaces 
and  solids.— English  Weights  and  Measures.— French  Metric  Weights  and 
Measures.— Foreign  Weights  and  Measures.— Moneys.— Specific  Gravity, 
weight,  and  volume.— manufactured  metals.— steel  pipes.— bolts  and  nuts.— 
Sundry  Articles  in  wrought  and  Cast  Iron,  copper,  Brass,  Lead,  Tin,  Zinc- 
strength  OF  MATERIALS.  —  STRENGTH  OF  TIMBER.— STRENGTH  OF  CAST  IRON.— 
STRENGTH  OF  WROUGHT  IRON.— STRENGTH  OF  STEEL.— TENSILE  STRENGTH  OP  COPPER, 

Lead,. &c— Resistance  of  Stones  and  other  Building  Materials.— Riveted  Joints 
in  Boiler  Plates.— Boiler  Shells.— Wire  Ropes  and  Hemp  Ropes.— Chains  and 
Chain  Cables.— Framing.— Hardness  of  metals,  Alloys,  and  Stones.— Labour  of 
Animals.— Mechanical  Principles.— Gravity  and  Fall  of  Bodies.— accelerating 
and  Retarding  Forces.— Mill  Gearing,  Shafting,  &c— Transmission  of  Motive 
Power.— Heat.— Combustion  :  Fuels.— warming,  Ventilation,  Cooking  Stoves.— 
Steam.— Steam  Engines  and  Boilers.— Railways.— Tramways.— Steam  Ships.— 
Pumping  Steam  Engines  and  Pumps.— Coal  Gas,  Gas  Engines,  &c— Air  in  Motion. 
—Compressed  Air.— Hot  Air  Engines.— Water  Power.— Speed  of  Cutting  Tools. 
—Colours.— Electrical  Engineering. 

"  Mr.  Clark  manifests  what  is  an  innate  perception  of  what  is  likely  to  be  useful  in  a  pocket- 
book,  and  he  is  really  unrivalled  in  the  art  of  condensation.  It  is  very  difficult  to  hit  upon  any 
mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  we  can  heartily  recommend 
It  to  our  readers."—  The  Engineer. 

"It  would  be  found  difficult  to  compress  more  matter  within  a  similar  compass,  or  produce  a 
book  of  700  pages  which  should  be  more  compact  or  convenient  for  pocket  reference.  .  .  .  Will 
be  appreciated  by  mechanical  engineers  of  all  classes. "—Practical  Engineer. 
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2         CROSBY  LOCK  WOOD  &  SON'S  CATALOGUE. 


MR.  HUTTON'S  PRACTICAL  HANDBOOKS. 


THE  WORKS'  MANAGER'S  HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.  For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefully 
Revised,  and  Enlarged.  In  One  handsome  Volume,  medium  8vo,  strongly 
bound  15/0 

WBF*  The  A  uthor  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 

variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a  practical  work,  suited  to 
the  daily  requirements  of  modern  engineers,  would  be  favourably  received. 

"The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience, 
and  is  seldom  written  in  books." — The  Engineer,  June  5,  1885. 

"  Of  this  edition  we  may  repeat  the  appreciative  remarks  we  made  upon  the  first  and  third. 
Since  the  appearance  of  the  latter  very  considerable  modifications  have  been  made,  although  the 
total  number  of  pages  remains  almost  the  same.  It  is  a  very  useful  collection  r>r  rules,  tables,  and 
workshop  and  drawing  office  data."—  The  Engineer,  May  10.  1895.    (Second  Notice.) 

"  The  volume  is  an  exceedingly  useful  one.  brimful  with  engineer  s  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  everv  mechanical  engineer's  bookshelf."— Mechanical  World. 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms 
a  desirable  addition  to  the  librarv  not  only  of  the  works'  manager,  but  of  any  one  connected  with 
general  engineering. "—  Mining  journal. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Hutton's  books  have  met  a 
pressing  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man 
possessing  a  copy."— Practical  Engineer. 


THE   PRACTICAL  ENGINEER'S  HANDBOOK. 

Comprising  a  Treatise  on  Modern  Engines  and  Boilers.  Marine,  Locomotive, 
and  Stationary.  And  containing  a  large  collection  of  Rules  and  Practical 
Data  relatine  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines.  Boilers,  and  other  Engineering  work.  The  whole  constituting  a  com- 
prehensive Key  to  the  Roard  of  Trade  and  other  Examinations  for  Certificates 
of  <~ompetencv  in  Modern  Mechanical  Engineering.  By  Walter  S.  Hutton, 
Civil  an*-*  Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook 
for  Engineers."  &c.  With  upwards  of  4.20  Illustrations.  Sixth  Edition. 
Revised  and  Enlarged.    Medium  8vo,  nearly  «;6o  pp.,  strongly  bound.  18/0 

Eil0f  This  Work  ts  designed  as  a  companion  to  the  Author's  "Works' 
Manage0^  Handbook."  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  Predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  by  the  A  uthor  for  his  own  use  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  420  Engravings :  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers, 
and  other  Engineering  Work. 

"We  have  kept  It  at  hand^for  several  weeks,  referring  to  It  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
—A  theneeum. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him." — Marin*  Engineer. 

"  An  excellent  V>ok  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering. " —  Scotsman 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering."— Building  News. 

"The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— Enginee*. 

"  A  mass  of  information  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily 
referred  to  at  anv  time.  The  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated 
by  the  illus-^tions.  The  book  will  find  its  wav  on  to  most  engineers  shelves,  where  it  will  rank  as 
one  <  f  the  most  useful  books  of  reference." — Practical  Engineer. 

"  Full  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  practical  engineers 
—English  Mechanic, 
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MR.  HUTTON'S  PRACTICAL  HANDBOOKS-«>n«m^. 


STEAM  BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler-Makers,  and  Steam  Users. 
Containing  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
m  the  Deiign,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
mo  ive,  and  Marine  Steam- Boilers.  By  Walter  S.  Hutton,  Cm  and 
Mechanical  Engineer,  Author  of  "  The  Works'  Manager's  Handbook,  The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
Fourth  Edition,  carefully  Revised,  and  Enlarged.  Medium  8vo  over  680  pages, 
cloth,  strongly  bound.  U**  P"bh%edh    1  8j° 

MT  This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 
bv  the  Author,  viz. :— "  The  Works'  Manager's  Handbook  "  and  "  The  Practical 
Engineer's  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 
pracUcal  nltun tof  their  information ;  and  is  consequently  written  in  the  same  style 

aSth0SThe°y Author  believes  that  the  concentration,  in  a  convenient  form  for  easy 
reference,  of  such  a  large  amount  of  thoroughly  practical  inf or ™f™n  on  S team. 
Boilers,  will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts 
the  book  may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to 
its  predecessors.  ■ 

•«  One  of  the  best,  if  not  the  best,  books  on  boilers  that  has  ever  been  published.  The  Infor- 
mation i?of  the  rfght  kind,  in  a  simple  and  accessible  form  So  far  as  generation  is  concerned,  this 
Is,  undoubtedly,  the  standard  book  on  steam  practice  "-ElectrtcaJ  f  der  The 

'        Every  detail,  both  in  boiler  design  and  management  is  clearly  laid ^efoje  the  reader.    1  he 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciSesTand  such  a  book  is  of  the  utmost  value  to  the  fin  de  Steele  Engineer  and  Works  Manager. 
-Marine  b      rQOm  for  a  modern  handbook  on  steam  boilers ;  there  is  not  that  room 

now  bemuse  Mrf  Hufton  has  filled  it.    It  is  a  thoroughly  practical  book  for  those  who  are  occupied 

libraries  of  every  one  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thoroughly 
lafornfed    wllrongly  recommend  the  book  for  the  intrinsic  value  of  its  contents."- Manner y 


Market. 


PRACTICAL  MECHANICS'  WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.    By  William  Templeton,  Author  of 
»  The  Engineer's  Practical  Assistant,"  &c,  &c.   Eighteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E  Author 
of  "The  Works'  Manager's  Handbook,"  "The  Practical  Engineers  Hand- 
book,"  &c.     Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  IUus- 
trative  Diagrams,  strongly  bound  for  workshop  or  pocket  wear  and  tear .  6/0 
»  In  its  modernised  form  Hutton's  « Templeton  'should  have  a  wide  sale,  for  it  contains  much 
valuable ' information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
Smfihtto^kftSto  vSn  in  other  works.    This  modernised  edition  will be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  •  Templeton.  '-Engltsh  Mechanic 

It  has  met  with  great  success  in  the  engineering  workshop  as  we  can  estify ^  thereare 
a  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book.  -Butldtng 

Ne7VS'»  This  familiar  text-book-well  known  to  all  mechanics  and  engineers-is  of  essential  service 
to  the  everyX  requirements  of  engineers,  millwrights,  and  the  various  trades  ejected  mth 
engineering  and  building.    The  new  modernised  edition  is  worth  its  weight  in  gold.  -Butldtng 

^<4hirweUNk°noCwen  and  largely-used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  7o  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as 
?rConsritute  i?  pracSy  a         book.    It  will  be  largely  used  in  the  office  and  workshop.'  - 

Sheers  wisely  entrusted  the  task  of  revision  of  this  Popular  valuable  and  useful 
book  to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found.  -Iron. 

ENGINEER'S  AND  MILLWRIGHT'S  ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.  By  William  Templeton 
Eighth  Edition,  with  Additions.    i8mo,  cloth      .       .       .       •       •  ^/O 

-Occupies  a  foremost  place  among  books  of  this  kind.     *™*suf^*  ^ent  t0  an 
annrentice  to  anv  of  the  mechanical  trades  could  not  possibly  be  made.  —Butldtng  JWeivs. 
aPPrC  »Tdeser7edly  popular  work.    It  should  be  in  the  '  drawer '  of  every  mechanic."-/?*?/"* 
Mechanic. 
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THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General 
Engineering  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N. A.  Second  Edition, 
Revised  throughout  and  much  Enlarged.    Folio,  half-bound  .    Net    £3  3s. 

PART  I. — Measures.— Circumferences  and  Areas,  &c,  Squares,  Cubes, 
Fourth  powers.— Square  and  Cube  Roots.— Surface  of  Tubes.— Reciprocals.— 
Logarithms.  —  Mensuration. —  Specific  Gravities  and  weights.— Work  and 
Power. —  Heat. —  Combustion.  — Expansion  and  Contraction. —  Expansion  of 
Gases.— Steam.— Static  Forces.— Gravitation  and  Attraction.— Motion  and 
Computation  of  Resulting  Forces.— Accumulated  Work.— Centre  and  Radius 
of  Gyration. — Moment  of  Inertia.— Centre  of  Oscillation.— Electricity.— 
Strength  of  Materials.— Elasticity.— test  Sheets  of  Metals.— Friction.— 
Transmission  of  Power.— Flow  of  Liquids.— Flow  of  Gases.— Air  Pumps,  Surface 
Condensers,  &c— Speed  of  Steamships.— Propellers.— Cutting  Tools.— Flanges. 
—Copper  Sheets  and  tubes.— Screws,  Nuts,  Bolt  Heads,  &c— Various  Recipes 
and  Miscellaneous  Matter.— v/ith  DIAGRAMS  for  Valve-Gear,  Belting  and 
Ropes,  Discharge  and  Suction  Pipes,  Screw  Propellers,  and  Copper  Pipes. 

PART  II.— Treating  of  Power  of  Boilers.— Useful  Ratios.— Notes  on 
Construction.  —  Cylindrical  Boiler  Shells.  —  Circular  Furnaces.  —  Flat 
Plates.— Stays.  —  Girders.— Screws.  —  Hydraulic  tests.  —  Riveting.  —  Boiler 
Setting,  Chimneys,  and  Mountings.— Fuels,  &c— Examples  of  Boilers  and  Speeds 
of  Steamships.— Nominal  and  Normal  horse  power.— With  DIAGRAMS  for  all 
Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  The  diagrams  are  a  great  feature  of  the 
work.  It  may  be  stated  that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  the 
desire  of  the  author  and  become  indispensable  to  all  mechanical  engineers."— Marine  Engineer. 

"  We  have  carefully  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book 
for  the  use  of  marine  engineers."— Journal  0/ American  Society  0/ Naval  Engineers. 

TEXT-BOOK  ON  THE  STEAM  ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Engines.  By 
T.  M.  Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London  ;  Author  of  "  The  Principles  of  Mechanics,"  "  The 
Elements  of  Mechanism,"  &c.  Fourteenth  Edition.  Crown  8 vo,  cloth  .  6/0 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear  comparison 
with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise."— Engineer. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself." 
—Mining  Journal. 

ON  GAS  ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M. 

Goodeve,  M.A.    Crown  8vo,  cloth  2/6 

"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  in  point  of  general  excellence. 
It  is  a  valuable  little  volume." — Mechanical  World. 

GAS  AND  OIL  ENGINE  MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection, 
Construction,  and  Management.  By  M.  Powis  Bale,  M.I  M.E.,  A.M.I.C.E. 
Author  of  u  Woodworking  Machinery,"  &c.    Crown  8vo,  cloth. 

[Just  Published.    Net  3/6 

THE  GAS-ENGINE  HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.  With  Forty  Full-page  Engravings.  Small  Fcap.  8vo,  leather. 

Net  8/6 

A  TREATISE  ON  STEAM  BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.    By  R.  Wilson,  C.E. 

Fifth  Edition.    i2mo,  cloth  6/0 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers."— Engineer. 

THE  MECHANICAL  ENGINEER'S  COMPANION. 

Of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 
squares,  cubes,  roots,  &c.  ;  Strength  of  Bolts,  Weight  of  Iron,  &c. ;  Weights, 
Measures,  and  other  Data.  Also  Practical  Rules  for  Engine  Proportions.  By 
R.  Edwards,  M.Inst. C.E.  Fcap.  8vo,  cloth.  3/6 
A  very  useful  little  volume.     It  contains  many  tables,  classified  data  and  memoranda 

generally  use/ul  to  engineers."— Engineer. 

"What  it  professes  to  be,  *  a  handy  office  companion,'  giving  In  a  succinct  form  a  variety  of 

information  likely  to  be  required  by  mechanical  engineers  in  their  everyday  office  work."— Nature, 
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A  HANDBOOK  ON  THE  STEAM  ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haeder,  C.E.  Translated  from  the  German 
with  additions  and  alterations,  by  H,  H.  P.  Powles,  A.M.I.C.E.,  M.I.M.E. 
Third  Edition,   Revised.     With  nearly  1,100  Illustrations.     Crown  8vo, 

cloth  Net  7/6 

"  A  perfect  encyclopaedia  ©f  the  steam  engine  and  its  details,  and  one  which  must  take  a  per- 
manent place  in  English  drawing-offices  and  workshops."— A  Foreman  Pattern-maker. 

"  This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  con- 
struction and  design  of  medium-sized  stationary  engines.  ...  A  careful  study  of  its  contents  and 
the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  It 
in  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly 
may  claim  a  complete  achievement  of  this  idea." — Nature. 

"There  can  be  no  question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  engine." — Mechanical  World. 

BOILER  AND  FACTORY  CHIMNEYS. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lightning  Conductors. 
By  Robert  Wilson,  A.I.C.E.,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c. 

Crown  8vo,  cloth  3/6 

"  A  valuable  contribution  to  the  literature  of  scientific  building."—  The  Builder. 

BOILER  MAKER'S  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M.I. C.E.  Fourth  Edition,  480  pp.,  with  140  Illustrations.  Fcap.  8vo,  half- 
bound  .  7/0 

"No  workman  or  apprentice  should  be  without  this  book."— Iron  Trade  Circular. 

REFRIGERATION,  COLD  STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.     By  A.  J. 
Wallis-Tayler,  A.M.Inst.C.E.,  Author  of  "  Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.  Medium  8vo,  cloth.  Net  1  5/0 
"The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  impor- 
tant work  and  it  cannot  fail  to  have  a  large  body  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  be  of  value  to  those  interested  in  the  subject."— Steamship. 

"  No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  days 
can  afford  to  be  without  this  valuable  book."— Glasgow  Herald. 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKiNG. 

By  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  Author  of  11  Refrigerating  and  Ice- 
making  Machinery,"  &c.    Third  Edition,  Enlarged.   Small  Crown  8vo,  cloth. 

[Just  Published.    Net  3/6 

REFRIGERATING  &  ICE-MAKING  MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.     By  A.  J.  Wallis-Tayler, 
A.-M.  Inst.  C.E.    Third  Edition,  Enlarged.    Crown  8vo,  cloth    .       .  7/6 
"Practical,  explicit,  and  profusely  illustrated." — Glasgow  Herald. 

•*  We  recommend  the  book,  which  gives  the  cost  of  various  systems  and  illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installations." — Builder. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating.  It  is  one  of  the  best  compilations  on  the 
subject.  "—Engineer. 

ENGINEERING  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 
A  General  Manager.  Second  Edition.  8vo,  cloth.    .      .  .1 2/0 

"  This  is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  in 
every  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 
also  to  the  estimate  department  of  every  works."— Builder. 

"  We  accord  the  work  unqualified  praise.  The  information  is  given  in  a  piain,  straightforward 
manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 
every  phase  of  commercial  engineering." — Mechanical  World. 
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THE  MECHANICAL  HANDLING  OF  MATERIALS. 

A  Comprehensive  Treatise  on  Lifting  and  Conveying  Machinery  and 
Appliances.  By  G.  F.  Zimmer,  Consulting  Engineer.  Super  Royal  8vo,  with 
over  200  Illustrations.  [In  the  Press.    Price  about  25/0  net. 

HOISTING  MACHINERY. 

An  Elementary  Treatise  on.  Including  the  Elements  of  Crane  Construction 
and  Descriptions  of  the  Various  Types  of  Cranes  in  Use.  By  Joseph 
Horner,  A.M  I.M.E.,  Author  of  '  Pattern-Making,"  and  other  Works. 
Crown  8vo,  with  215  Illustrations,  including  Folding  Piates,  cloth.     Net  7/6 

AERIAL  OR  WIRE-ROPE  TRAMWAYS. 

Their  Construction  and  Management.  By  A.  J.Wallis-Tayler,  A.M.  Inst. C.E. 

With  Si  Illustrations.    Crown  8vo,  cloth  7/6 

"An  excellent  volume,  and  a  very  good  exposition  of  the  various  systems  of  rope  transmission 
n  use,  and  gives  as  well  not  a  little  valuable  information  about  their  working,  repair,  and  manage 
ment     We  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject." — Engineer. 

MOTOR  CARS  OR  POWER-CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tayler,  A. M.Inst. C.E.    212  pp.,  with  76  Illustrations. 

Crown  8vo,  cloth  4/6 

"A  work  that  an  engineer  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations."— Engineering. 

PLATING  AND  BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Horner, 
A.M.I.M.E.  380  pp.  with  338  Illustrations.  Crown  8vo,  cloth  .  .  7/6 
"  This  work  is  characterised  by  that  evidence  of  close  acquaintance  with  workshop  methods 
which  will  render  the  book  exceedingly  acceptable  to  the  practical  hand.  We  have  no  hesitation 
in  commending  the  work  as  a  serviceable  and  practical  handbook  on  a  subject  which  has  not 
hitherto  received  much  attention  from  those  qualified  to  deal  with  it  in  a  satisfactory  manner."— 
Mechanical  World. 

PATTERN  MAKING. 

Embracing  the  Main  Types  ot  Engineering  Construction,  and  including 
Gearing,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns,  Screws, 
Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and 
Greensand,  Weight  of  Castings,  &c.    By  J.  G.  Horner,  A.M.I.M.E.  Third 
Edition,  Enlarged.    With  486  Illustrations.    Crown  8vo,  cloth.    .    Net  7/6 
"  A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 
oumeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making." — Builder. 

"An  excellent  vade  mtcum  for  the  apprentice  who  desires  to  become  master  of  his  trade." 
—English  Mechanic. 

MECHANICAL  ENGINEERING  TERMS 

(Lockwood's  Dictionary  of).    Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com- 
prising upwards  of  6,000  Definitions.    Edited  by  J.  G.  Horner,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.    Crown  8vo,  cloth  .       .    Net  7/6 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 
gineering.   The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and  every 
f  jreman  engineer  and  mechanic  should  have  a  copy." — Building  News. 

TOOTHED  GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horner,  A.M.I.M.E. 
Second  Edition,  with  a  new  Chapter  on  Recent  Practice.    With  184  Illustra- 
tions.   Crown  8vo,  cloth.  [Just  Published.  6/0 
"  We  give  the  book  our  unqualified  praise  for  its  thoroughness  ot  treatment,  and  recommend 
to  all  interested  as  the  most  practical  book  on  the  subject  yet  written.' '—Mechanical  World. 

FIRES,   FIRE-ENGINES,  AND  FIRE  BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Foreign  Fire  Systems  ;  Hints  on  Fire-Brigades,  &c.  By  C.  F.  T. 
Young,  C.E.    8vo,  cloth  £1  4s. 

"  To  such  of  our  readers  as  are  Interested  In  the  subject  of  fires  and  fire  apparatus  we  can 
most  heartily  commend  this  book." — Engineering. 
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AERIAL  NAVIGATION. 

A  Practical  Handbo  ok  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aeroplanes,  and  Aeromotors.  By  Frederick  Walker,  C.E.,  Associate 
Member  of  the  Aeronautic  Institute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth  .   Net  7/6 

STONE- WORKING  MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.    By  M.  Powis 
Bale,  M.I. M.E.    Second  Edition,  enlarged.    Crown  8vo,  cloth    .       .  9/0 
"The  book  should  be  in  the  hands  of  every  mason  or  student  of  stonework."— Colliery 
Guardian. 

"  A  capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes."— 
Machinery  Market. 

PUMPS  AND  PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.    By  M.  Powis  Bale,  M.l.M.E.    Fourth  Edition.  Crown 

8vo,  cloth  3/5 

"The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  dittuse- 
ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to 
be  of  use." — Journat  oj  Gas  Lighting. 

"  Thoroughly  practical  and  clearly  written."— Glasgow  Herald. 

MILLING  MACHINES  AND  PROCESSES, 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck, 
Author  of  ' '  Lathe- Work. "  With  upwards  of  300  Engravings.  Large  crown  8vo, 

cloth  12/6 

"  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  in- 
terested in  milling  machines  ;  it  is  what  it  professes  to  be—a  practical  treatise."— Engzneer. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption."— 
Industries. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.    By  Paul  N.  Hasluck.     Eighth  Edition.  Crown  8vo, 

cloth  5/0 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 

to  do  It,  and  how  to  convey  his  knowledge  to  others.    To  all  turners  this  book  would  be  valuable."— 

Engineering. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  will  simpiy  be 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  information." — Engineer. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.    With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.    By  Paul  M .  Hasluck,  Author 
of  ' '  Lathe- Work,"  &c.    Sixth  Edition.    Waistcoat-pocket  size     .  .1/6 
"  Full  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  action  described.  "—Mechanical  World. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe  ;  In  fact,  a  multum- 
in-parvo  on  all  the  subjects  it  treats  upon."— Carpenter  and  Builder. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Revised,  including 
Electrical  Tables,  Formulae,  and  Memoranda.  Waistcoat-pocket  size, 
limp  leather.  [Just  Published. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt."— Engineer. 

"  The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a  card-case." — Building  News.  "A  veritable  pocket  treasury  of  knowledge."— Iron. 

POCKET  GLOSSARY  OF  TECHNICAL  TERMS. 

English- French,  French-English;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.     By  John  James 
Fletcher.    Third  Edition,  200  pp.   Waistcoat-pocket  size,  limp  leather  1/6 
"  It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and  iingland  to  have 
so  iarge  a  number  of  the  words  relating  to  engineering  and  manufactures  collected  in  a  liliputian 
volume.    The  little  book  will  be  useful  both  to  students  and  travellers."— A rchttect. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
We  cordially  commend  the  book."— Mechanical  World. 
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THE  ENGINEER'S  YEAR  BOOK  FOR  1905. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  A.M.  Inst.  C.E., 
M.I.E.E.,  Principal  Technical  Officer,  Engineer-in-Chief's  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testing,"  "The 
Electrical  Engineer's  Pocket-Book,"  &c.  With  1,000  Illustrations,  specially 
Engraved  for  the  work.    Crown  8vo,  924  pp.,  leather.    [Just  Published.  8/0 

"Kempe's  Year  B>ok  real'y  requires  no  commendation.  Its  sphere  of  usefulness  is  widely 
known,  and  it  is  used  by  engineers  tne  world  over." — The  bngineer. 

"  The  volume  Is  distinctly  in  advance  of  most  similar  publications  in  this  country."— 
Engineering. 

"  This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  of 
engineers." — Saturday  Review. 

"  Teems  with  up-to-date  information  in  every  branch  of  engineering  and  construction."— 

Building  News. 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  admirable, 
complete  and  convenient  form.  To  say  that  it  more  than  sustains  all  comparisons  is  praise  of  the 
highest  sort,  and  that  may  justly  be  said  of  it." — Mining  Journal. 

"  There  is  certainly  room  for  the  new  comer,  which  supplies  explanations  and  directions,  as 
well  as  formulae  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical 
annuals. " — A  rchitect. 

"  Brings  together  with  great  skill  all  the  technical  information  which  an  engineer  has  to  use 
day  by  day.    It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  successful." — Scotsman. 

"  The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  that  will  not  be  lost  on  the  busy 
people  for  whom  the  work  is  intended." — Glasgow  Herald. 

THE  PORTABLE  ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.  For  the  use 
of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrough.    Crown  8vo,  cloth  3/6 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Express. 

IRON  AND  STEEL. 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers ; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining,  and  Con- 
sulting Engineers ;  Architects,  Contractors,  Builders,  &c.  By  Charles  Hoare, 
Author  of  "The  Slide  Rule,"  &c.    Ninth  Edition.    32mo,  leather       .  6/0 

CONDENSED  MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  for  the  Use  of  Engineering 
Students,  &c.    By  W.  G.  C.  Hughes,  A.M.I.C.E.   Crown  8vo,  cloth  .  2/6 
"  The  book  is  well  fitted  for  those  who  are  preparing  for  examination  and  wish  to  refresh 
their  knowledge  by  going  through  their  formulae  again."—  Marine  Engineer. 

THE  SAFE  USE  OF  STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.   By  an  Engineer.  Eighth 

Edition.    Sewed  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  rarity." — English  Mechanic. 

THE    CARE  AND   MANAGEMENT  OF  STATIONARY 
ENGINES. 

A  Pracfcal  Handbook  for  Men-in-charge.  By  C.  Hurst.  Crown  8vo.  Ncf\lQ 

THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  Ey  Robert  Weather- 
burn,  M.I.M.E.  With  Illustrations  and  Portraits  of  George  and  Robert 
Stephenson.    Crown  8vo,  cloth.  Net  2/6 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1903k  By  Clement  E.  Stretton,  C.E.  Sixth  Edition, 
Revised  and  Enlarged.    Crown  8vo,  cloth.  [Just  Published,    Net  4/6 

Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modem 
O'omotive  ^  ill  find  m  -ch  to  attract  and  entertain  in  this  volume."—  The  Tima. 
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TOOLS  FOR  ENGINEERS  AND  WOODWORKERS. 

A  Practical  Treatise  including  Instruments  of  Measurement.  By  Joseph 
Horner,  A.M. Inst. M.E.,  Author  of  "Pattern  Making,"  "Hoisting 
Machinery,"  &c.    Demy  8vo,  with  450  Illustrations. 

[In  the  Press.    Price  about  9/0  net. 

MODERN  MACHINE  SHOP  TOOLS, 

A  Practical  Treatise  describing  in  every  detail  the  Construction,  Operation 
and  Manipulation  of  both  Hana  and  Machine  1  ools  ;  being  a  work  of  Practical 
Instruction  in  all  Classes  of  Machine  Shop  Practice,  including  Chapters  on 
Filing,  Fitting  and  Scraping  Surfaces  ;  on  Drills,  Reamers,  Taps  and  Dies  ; 
the  Lathe  and  its  Tools  ;  Planers,  Shapers  and  their  Tools  ;  Milling  Machines 
and  Cutters ;  Gear  Cutters  and  Gear  Cutting ;  Drilling  Machines  and  Drill 
Work ;  Grinding  Machines  and  their  Work ;  Hardening  and  Tempering, 
Gearing,  Belting,  and  Transmission  Machinery;  Useful  Data  and  Tables. 
By  William  H.  Van  Dervoort,  M.E.  Fourth  Edition.  Illustrated  by  673 
Engravings  of  Latest  Tools  and  Methods,  all  of  which  are  fully  described. 
Medium  8vo,  cloth.  [Just  Published.    Net  21/0 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 

Michael  Reynolds,  formerly  Locomotive  Inspector,  L.  B.  &  S.  C.  R. 

Eleventh   Edition.     Including   a   Key  to   the  Locomotive  Engine. 

Crown  8vo,  cloth  4/6 

"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recom- 
mend the  book  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the 
performance  of  locomotive  engines." — The  Engineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable 
practical  treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." 
—Athenaum. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.  Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors.    By  Michael  Reynolds.  Second 

Edition,  with  Revised  Appendix.    Crown  8vo,  cloth  4/6 

"  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — Iron. 

CONTINUOUS  RAILWAY  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 
their  Construction  and  Performance.  By  M.  Reynolds.  8vo,  cloth  9/0 
"  A  popular  explanation  of  the  different  brakes.    It  will  be  of  great  assistance  in  forming 

public  opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake."— English 

Mechanic. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Reynolds.  Sixth  Edition.  With  Plates  and  Woodcuts. 
Crown  8vo,  cloth  4/6 

"  The  author's  advice  on  the  various  points  treated  is  clear  and  practical."— Engineering. 

"  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only 
know  something  about  the  stationary  engine,  but  all  about  it."— Engineer. 

ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and  Incidents  in  the  Lives  of  Locomotive  Engine- 
Drivers.  By  Michael  Reynolds.  Third  Edition.  Crown  8vo,  cloth  .  1/6 
"  From  first  to  last  perfectly  fascinating.    Wilkie  Collins's  most  thrilling  conceptions  are 

thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— North 

British  Mail. 

THE  ENGINEMAN'S  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 
By  Michael  Reynolds.  With  45  Illustrations  and  numerous  Diagrams 
Fourth  Edition,  Revised.  Royal  i8mo,  strongly  bound  for  pocket  wear.  3/6 
"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an 

engine-minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  requiie."— 

The  Miller. 
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PIONEER  IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  E.  0.  Mawson, 
M.lnst.C.E.,  Executive  Engineer,  Public  Works  Department.  Bombay.  With 
Additional  Chapters  on  Light  Railways  by  E.  R.  Calthrop,  M.lnst.C.E., 
M.I.M.E.    Illustrated  by  Numerous  Plates  and  Diagrams.    Demy  8vo,  cloth. 

{Just  Published.  A  et  1  0/6 
Summary  of  Contents  :— Value  of  Irrigation,  and  Sources  of  Water 
Supply.— Dams  and  weirs.— Canals.— Underground  Water.— Methods  of  Irri- 
gation.— Sewage  Irrigation.— Imperial  automatic  Sluice  Gates.— The  Culti- 
vation of  Irrigated  Crops,  Vegetables,  and  Fruit  Trees.— Light  Railways 
for  Heavy  Traffic— Useful  memoranda  and  Data. 

TUNNELLING, 

A  Practical  Treatise.  By  Charles  Prelini,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth  Net  "1  6/0 

PRACTICAL  TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and   the  Construction  of  the  Brickwork  of  Tunnels.     By   F.  W.  Simms, 
M.lnst.C.E.     Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnear 
Clark,  M.  Inst.  C.E.   With  34  Folding  Plates.  Imperial  8vo,  cloth  £2  2s. 
"  The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  a  work  to  winch  civil 
engineers  should  have  ready  access,  and  engineers  who  have  con  ;truction  work  can  hardly  afford 
to  be  without,  but  which  to  the  younger  members  of  the  profession  ij  invaluable,  as  from  its  pages 
they  can  learn  the  state  to  which  the  science  of  tunnelling  has  attained.' '—Railway  News. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M. Inst. C.E. ,  Consulting  Engineer  to  the  Tokyo 
Water-works.     Second  Edition,   Revised  and  Extended.     With  numerous 

Plates  and  Illustrations.    Super-royal  8vo,  buckram  25/0 

I.  Introductory.  —  II.  Different  Qualities  of  Water.  —  III.  Quantity  of 
Water  to  be  Provided.— IV.  On  Ascertaining  whether  a  Proposed  Source  of 
Supply  is  Sufficient.  —  V.  On  Estimating  the  storage  Capacity  required 
to  be  Provided.— VI.  Classification  of  Water-works.— VII.  Impounding  Reser- 
voirs.— VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  The  purification  of 
Water.— XI.  Settling  Reservoirs.— Xll.  Sand  Filtration.— XIII.  purification 
of  Water  by  action  of  Iron,  Softening  of  Water  by  action  of  Lime,  Natural 
Filtration.— XIV.  Service  or  Clean  Water  reservoirs— water  towers— Stand 
Pipes.— XV.  The  Connection  of  Settling  Reservoirs,  Filter  Beds  and  Service 
Reservoirs.— XVI.  pumping  Machinery.— XVII.  Flow  of  Water  in  Conduits- 
Pipes  AND  OPEN  CHANNELS.— XVIII.  DISTRIBUTION  SYSTEMS.— XIX.  SPECIAL  PRO- 
VISIONS FOR  THE  EXTINCTION  OF  FlRE.— XX.  PIPES  FOR  WATER-WORKS.— XXI.  PRE- 
VENTION OF   WASTE   OF   WATER.— XXII.  VARIOUS  APPLIANCES  USED   IN  CONNECTION 

with  Water-works. 

APPENDIX  I.  By  PROF.  JOHN  MILNE,  F.R.S.— CONSIDERATIONS  CONCERNING  THE 
PROBABLE  EFFECTS  OF  EARTHQUAKES  ON  WATER-WORKS,  AND  THE  SPECIAL  PRE- 
CAUTIONS TO  BE  TAKEN  IN  EARTHQUAKE  COUNTRIES. 

APPENDIX  II.     By  JOHN   DE   RIJKE,  C.E.— ON  SAND   DUNES  AND  DUNE  SAND  AS 

a  Source  of  water  Supply. 

"  The  chapter  upon  nitration  of  water  is  very  complete,  and  the  details  of  construction  well 
Illustrated.  .  .  .  The  work  should  be  specially  valuable  to  civil  engineers  engaged  in  work  in 
Japan,  but  the  interest  is  by  no  means  confined  to  that  locality." — Engineer. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and 
cannot  fail  to  be  of  great  assistance  to  the  student." — Builder. 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.  By  Allan  Greenwell,  A.M.I.C.E., 
and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S.   With  Illustrations.    Second  Edition, 

Revised.    Crown  8vo,  cloth  5/0 

"  We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  In  obtaining 
water  for  small  districts,  giving  a  great  deal  of  practical  information  in  a  small  compass." — Builder. 

"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 
,    .    .    It  is  full  of  details  on  points  which  are  continually  before  water-works  engineers."— Nature. 
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THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.,  Author  of  "  Cast 
and  Wrought  Iron  Bridge  Construction,"  &c,  &c.  Illustrated  with  50  Double 
Plates,  1  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcut? , 
and  containing  400  pp.  of  Text.     Imp.  410,  elegantly   and  substantially 

half-bound  in  morocco  Net  £6  6s. 

List  of  Contents  : — I.  Historical  Sketch  of  some  of  the  means  that  have 

BEEN  ADOPTED  KOk  i  HE  SUPPLY  OF  WATER  TO  CITIES  AND  TOWNS. — II.  WATER  AND 
THE  FOREIGN  MATTER  USUALLY  ASSOCIATED  WITH  IT.— III.  RAINFALL  AND  EVAPORA- 
TION.—IV.  SPRINGS  AND  THE  WATER-BEARING  FORMATIONS  OF  VARIOUS  DISTRICTS. 
—V.  MEASUREMENT  AND  ESTIMATION  OF  THE  FLOW  OF  WATER.— VI.  ON  THE  SELECTION 
OF  THE  SOURCE  OF  SUPPLY.— VII.  WELLS.— VIII.  RESERVOIRS.— IX.  THE  PURIFICATION 

of  Water.- X.  Pumps.— XI.  pumping  Machinery.— XII.  Conduits.— XIII.  Distribu- 
tion of  Water.— XIV.  Meters,  Service  Pipes,  and  House  Fittings.— XV.  The  Law 

AND  ECONOMY  OF  WATER-WORKS.— XVI.  CONSTANT  AND  INTERMITTENT  SUPPLY.— 
XVII.    DESCRIPTION  OF  PLATES.— APPENDICES,  GIVING  TABLES  OF  RATES  OF  SUPPLY, 

Velocities,  &c,  &c,  together  with  Specifications  of  several  Works  illus- 
trated,   AMONG    WHICH   WILL   BE   FOUND  :     ABERDEEN,    BlDEFORD,  CANTERBURY 

Dundee,  Halifax,  Lambeth,  Rotherham,  Dublin,  and  others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or 
in  any  other  language.  Mr.  H umber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
— Engineer. 

THE  PROGRESS  OF  ENGINEERING  (1863-6). 

By  Wm.  Humber,  A.M. Inst. C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  and  Copious  Descriptive  Letterpress.  Impl.  4to, 
half-morocco.  Price,  complete,  £1  2  1  2s.  ;  or  each  Volume  sold  separately 
at  £3  3s.  per  Volume.    Descriptive  List  0/  Contents  on  application. 

HYDRAULIC  POWER  ENGINEERING. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A. M.Inst. C.E.  With 
nearly  200  Illustrations.    8vo,  cloth.  Net  9/0 

Summary  of  Contents  :— Principles  of  Hydraulics.— The  Flow  of  Water.— 
Hydraulic  Pressures.— Material.— test  Load.— Packings  for  Sliding  Surfaces. 
—Pipe  Joints.— Controlling  Valves.— Platform  Lifts.— Workshop  and  Foundry 
Cranes.— Warehouse  and  Dock  Cranes.— Hydraulic  accumulators.— Presses 
for  Baling  and  other  Purposes. —Sheet  Metal  Working  and  Forging  Machinery. 
—Hydraulic  Riveters.— Hand  and  power  Pumps.— Steam  Pumps.— Turbines.— 
mpulse  Turbines.— Reaction  Turbines.— Design  of  Turbines  in  Detail.— Water 
Wheels.— Hydraulic  Engines.— Recent  achievements.— Pressure  of  Water.— 
action  of  pumps,  &c. 

"  We  have  nothing  but  praise  for  this  thoroughly  valuable  work.  The  author  has  succeeded 
in  rendering  his  subject  interesting  as  well  as  instructive."— Practical  Engineer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manual  on  hydraulic  trans 
mission  and  utilisation  of  power." — Mechanical  World. 


HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMUL/E. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formula?,  Tables,  and  General  Information  on  Rain-fall, 
Catchment- Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  C.E.,  M.R.I.A.  Third  Edition,  revised,  with 
additions.  Numerous  Illustrations.  Crown  8vo,  cloth  ...  1 4/0 
"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness."— A rchitect. 

HYDRAULIC  MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrology,"  &c.  Fourth 

Edition,  Enlarged.    Large  crown  8vo,  cloth  1  6/0 

"The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer's  profession." — Engineering. 

WATER  ENGINEERING. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
By  Charles  Slagg,  A. M.Inst. C.E.  Second  Edition.  Crown  8vo,  cloth  .  7/6 
"  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  many  respects  excellent."— Engineering. 
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THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in  Works 
of  Reclamation.    By  A.  Beazelky,  M.Inst.  C.E.    8vo,  cloth.    Net  10/6 

"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiming-  land  from  the  sea,  and 
the  best  way  of  doing-  it.  The  work  contains  a  great  deal  of  practical  and  useful  information  which 
cannot  fail  to  be  of  service  to  engineers  entrusted  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea." — The  Engineer. 

"  The  author  has  carried  out  his  task  efficiently  and  well,  and  his  book  contains  a  large 
amount  of  information  of  great  service  to  engineers  and  others  interested  in  works  of  reclamation." 
— Nature. 

MASONRY  DAMS  FROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c.    For  the  use  of  Civil  and  Mining  Engineers.  By 

C.  F.  Courtney,  M.  Inst.  C.E.    8vo,  cloth  9/0 

"  Contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found  in  the 
remarks  on  site  and  position,  location  of  dam,  foundations  and  construction. ' — Building  News. 

RIVER  BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour  " ;  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.    By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin  Port  and  Docks 

Board.    Royal  8vo,  cloth  7/6 

"  We  recommend  all  interested  In  harbour  works — and,  indeed,  those  concerned  In  the 
improvements  of  rivers  generally— to  read  Mr.  Mann's  interesting  work. "— Engineer. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughly  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c,  &c.  By  D.  Kinnear  Clark,  M.  Inst.  C.E. 
With  400  Illustrations.  8vo,  780  pp.,  buckram.  28/0 
"  The  new  volume  is  one  which  will  rank,  among  tramway  engineers  and  those  interested  in 
tramway  working,  with  the  Author's  world-famed  book  on  railway  machinery." — The  Engineer. 

SURVEYING  AS  PRACTISED  BY  CIVIL  ENGINEERS 

AND  SURVEYORS. 

Including  the  Setting-out  of  Works  for  Construction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  Office,  intended  also  as  a  Text-book  for  Students.  By  John  White- 
law,  Jun.,  A.M.  Inst.  C.E.,  Author  of  "  Points  and  Crossings."    With  about 

260  Illustrations.    Demy  8vo,  cloth  Net  1 0/6 

"This  work  is  written  with  admirable  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice." — The  Builder. 

PRACTICAL  SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  George  W.  Usill,  A.M. I. C.E.  Eighth  Edition, 
thoroughly  Revised  and  Enlarged,  by  Alex  Beazeley,  M.  Inst.  C  E. 
With  4  Lithographic  Plates  and  360  Illustrations.  Large  crown  8vo,  7/8 
cloth ;  or,  on  Thin  Paper,  leather,  gilt  edges,  rounded  corners,  for  pocket  use 

12/6 

"The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in 
his  experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
In  his  inexperience  will  find  most  serviceable." — Engineer. 

"The  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineering."— 
Architect. 

AID  TO  SURVEY  PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out;  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  Illustrations,  and  Records. 
By  L.  D'A.  Jackson,  A.M.I. C.E.  Second  Edition.  8vo,  cloth  .  12/6 
"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.    We  can  recommend 

this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."— 

Athenceum. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  wbtch. 
aided  by  a  clear  and  lucid  style  of  writing,  renders  tne  book  a  very  useful  one.'  —  Builder. 
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SURVEYING  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  the  use  of  Civil  and  Military  Engineers  and  Surveyors. 
Including  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Degrees.  By  Neil  Kennedy, 
M.  Inst.  C.E.  With  Diagrams  and  Plates.  Second  Edition.  Demy  8vo,  cloth. 

SJust  Published.    Net  10/ 6 
"The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in  the  way  of  any  surveyor 
desirous  of  making  use  of  this  useful  and  rapid  instrument."— Nature. 

ENGINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,  and 
use  of  Theodolite  for  Traverse  Surveying  and  plotting  the  work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with  the 
Theodolite,  Setting-out  Curves  with  and  without  the  Theodolite,  Earthwork 
Tables,  &c.    By  W.  Davis  Haskoll,  C.E.    With  numerous  Woodcuts. 

Fourth  Edition,  Enlarged.    Crown  8vo,  cloth  1  2/0 

"  The  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — Athenceum. 

LAND  AND  MARINE  SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railways ;  Canals. 
Rivers,  Towns'  Water  Supplies ;  Docks  and  Harbours.  With  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised,  with  Additions.  Large  crown  8vo,  cloth  .  .  .  9/0 
"This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  In  recom- 
mending it,  feeling  assured  that  it  will  more  than  repay  a  careful  study."— Mechanical  World. 

"  A  most  useful  book  for  the  student.  We  can  strongly  recommend  it  as  a  carefully-written 
and  valuable  text-book.    It  enjoys  a  well-deserved  repute  among  surveyors."— Builder. 

PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads  ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  M.  Inst.  C.E.  Eighth  Edition,  with  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Trautwine's  Field  Practice 
of  Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts. 
8vo  8/6 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— Engineer. 
"The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 
younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work.' '—Engineering. 


AN   OUTLINE  OF  THE   METHOD  OF  CONDUCTING 

A  TRIGONOMETRICAL  .SURVEY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c,  with  Useful  Problems,  Formula, 
and  Tables.    By  Lieut. -General  Frome,  R.E.    Fourth  Edition,  Revised  and 
partly  Re-written  by  Major-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  115  Woodcuts,  royal  8vo,  cloth      ....    1  6/0 
"  No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained 
by  this  work.    Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were 
necessary  to  bring  every  portion  of  the  contents  up  to  the  present  date." — Broad  Arrow. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES. 

For  Setting-out  Curves  from  5  to  200  Radius.  By  A.  Beazeley,  M.Inst. C.E. 
6th  Edition.  Revised.  With  an  Appendix  on  the  use  of  the  Tables  for 
Measuring  up  Curves;  Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat- 
pocket  size  .   .  3/6 

"  Each  table  is  printed  on  a  small  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work."— Engineer. 

"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  his  own  card-case,  and  leaves  the  rest  behind."— Aihentzum, 

HANDY  GENERAL  EARTH-WORK  TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  feet  Chain  or  100  feet  Chain.  By  J.  H.  Watson  Buck,  M.  Inst.  C.E. 
On  a  Sheet  mounted  in  cloth  case  3/6 


14        CROSBY  LOCK  WOOD  &  SON'S  CATALOGUE. 


EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c.  of 
Heights  or  Depths  up  to  an  average  of  80  feet.    By  Joseph  Broadbent,  CE., 

and  Francis  Campin,  C.E.    Crown  8vo,  cloth  5/0 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious." — Athenautn. 

A  MANUAL  ON  EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edition. 
i8mo,  cloth  2/6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.    By  J.  H.  Watson  Buck,  M.  Inst.  C.fi., 
Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth  1  2/0 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observa- 
tions on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates, 
will  be  found  of  considerable  use.    We  commend  the  book  to  the  engineering  profession."— 
Building  News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much 
time  and  obviate  many  mistakes." — Colliery  Guardian. 

CAST  &  WROUGHT  IRON    BRIDGE  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts. — Theoretical,  Practical,  and  Descriptive.  By  William  Humber, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Edition,  revised  and  much  im- 
proved,  with  115  Double  Plates  (20  of  which  now  first  appear  in  this  edition), 
and  numerous  Additions  to  the  Text.    In  2  vols.,  imp.  4to,  half-bound  in 

morocco  £6  1  6s.  6d. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
instructive  worth  of  those  illustrations."— Civil  Engineer  and  Architects  yournal. 

"Mr.  Humber's  stately  volumes,  lately  issued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  detail."— Engineer. 

ESSAY  ON  OBLIQUE  BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.I. C.E.  Fourth  Edition,  revised  by  his  Son,  J.  H.  Watson 
Buck,  M.I. C.E.  ;  and  with  the  addition  of  Description  to  Diagrams  for 
Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I. C.E. 

Royal  8vo,  cloth  12/0 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise, 
and  it  would  be  impossible  to  consult  a  better."— Engineer. 

"  Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested 
the  subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed." — Building  News 

THE  CONSTRUCTION  OF  OBLIQUE  ARCHES 

(A  Practical  Treatise  on).  By  John  Hart.  Third  Edition,  with  Plates. 
Imperial  8vo,  cloth  8/0 

GRAPHIC  AND  ANALYTIC  STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs,  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.  Second  Edition,  Revised  and  Enlarged.  8vo,  cloth  .  1  6/0 
"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or 
studied. " — Engineer. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman." — Athenaum. 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrought 
Iron  and  Steel  Girders,  &c,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  C.E.    On  a  Sheet  2/6 
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GEOMETRY  FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing 
By  E.  H.  Sprague,  A.M.I.C.E.  Crown  8vo,  cloth.  [Just  Published.  Aet  1  /O 

PRACTICAL  GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Curves.  By 

E.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth  9/0 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  In  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— Scotsman. 

THE  GEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.  By  Oliver  Byrne.  Coloured  Plates. 
Crown  8vo,  cloth  3/6 

EXPERIMENTS  ON  THE  FLEXURE  OF  BEAMS. 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling.  By  Albert 
E.  Guy.    Medium  8vo,  cloth  Net  9/0 

HANDY  BOOK  for  THE  CALCULATION  OF  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica- 
tion, &c.  '  By  William  Humber,  A.  M.  Inst.  C.E.,  &c.  Fifth  Edition. 
Crown  8vo,  with  nearly  100  Woodcuts  and  3  Plates,  cloth     .       .       .  7/6 

•«  The  formulae  are  neatly  expressed,  and  the  diagrams  good."—Athenaum. 

"  We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers."— 
English  Mechanic. 

TRUSSES  OF  WOOD  AND  IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses,  Breaking 
Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  With  Complete 
Working  Drawings.    By  William  Griffiths,  Surveyor.    Oblong  8vo,  cloth. 

4/6 

"This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  cor- 
struction  of  roof  trusses  that  no  student  need  be  ignorant  of  these  matters."— Practical  Engineer. 

THE   STRAINS  ON  STRUCTURES  OF  IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.I.C.E. 
8vo,  cloth  5/0 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and 
Formulae  for  calculating  Girders.  &c.  Edited  bvWii.  Humber,  A.M.I.C.E. 
8vo,  400  pp.,  with  19  Plates  and  numerous  Woodcuts,  cloth  .  .1  8/0 

"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 
n  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject. "—Engineer. 

SAFE  RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention  ;  with  a  De- 
scription of  Modern  Appliances  and  Systems.  By  Clement  E.  Stretton, 
C.E.    With  Illustrations  and  Coloured  Plates.    Third  Edition,  Enlarged. 

Crown  8vo,  cloth       .       .       .  3/6 

"A  book  for  the  engineer,  the  directors,  the  managers;  and,  in  short,  all  who  wish  for 

information  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working.  — 

Railway  Review. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.,  late  of  the  Indian  Public  Works  Department.  Crown 

8vo,  cloth  3/6 

"  The  aim  the  author  has  set  before  him,  viz..  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or 
architect  can  find  but  little  reliable  and  comprehensive  data  in  books."— Butlder, 
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PUBLICATIONS   OF  THE  ENGINEERING 
STANDARDS  COMMITTEE. 


The  Engineering  Standards  Committee  is  the  outcome  of  a 
Committee  appointed  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  of 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supported  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers  ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  by  his  Majesty's  Government,  who  have  made  a  liberal  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

The  subjects  already  dealt  with,  or  under  consideration  by  the 
Committee,  include  not  only  Rolled  Iron  and  Steel  Sections,  but  Tests 
for  Iron  and  Steel  Material  used  in  the  Construction  of  Ships  and  their 
Machinery,  Bridges  and  General  Building  Construction,  Railway  Rolling 
Stock  Undernames,  Component  Parts  of  Locomotives,  Railway  and 
Tramway  Rails,  Electrical  Plant,  Insulating  Materials,  Screw  Threads  and 
Limit  Gauges,  Pipe  Flanges,  Cement,  &c. 

Reports  already  Published  : — 

1.  BRITISH  STANDARD  SECTIONS. 

List  i.  Equal  Angles. — List  2.  Unequal  Angles. — List  3.  Bulb  Angles. 
List  4.  Bulb  Tees. — List  5.  Bulb  Plates. — List  7.  Channels. — List  8. 
Beams.    F'cap.  folio,  sewed.  {Just  Published.    Net  I/O 

2.  BRITISH  STANDARD  TRAMWAY  RAILS  AND  FISH 

PLATES:  STANDARD  SECTIONS  AND  SPECIFICATION. 

F'cap.  folio,  sewed.  {Just  Published.    Net  21 /O 

3.  REPORT  ON  THE  INFLUENCE  OF  GAUGE  LENGTH 

AND  SECTION  OF  TEST  BAR  ON  THE  PERCENTAGE  OF 
ELONGATION. 

By  Professor  W.  C.  Unwin,  F.R.S.    F'cap.  folio,  sewed. 

{Just  Published.    Net  2/6 

4.  PROPERTIES  OF  STANDARD  BEAMS. 

Demy  8vo,  sewed.  {Just  Published.    Net  "I  /O 

6.  PROPERTIES  OF  BRITISH  STANDARD  SECTIONS. 

Embracing  Diagrams,  Definitions,  Tables,  and  Formulae.    Demy  8vo,  cloth. 

{Just  Published.    Net  5/0 

7.  BRITISH  STANDARD  TABLES  FOR  COPPER  CON- 

DUCTORS AND  THICKNESSES  OF  DIELECTRIC. 

F'cap.  folio,  sewed.  {Just  Published.    Net  2/6 

8.  BRITISH  STANDARD  SPECIFICATION  FOR  TUBU- 

LAR TRAMWAY  POLES. 

F'cap.  folio,  sewed.  {Just  Published.    Net  5/0 

9.  BRITISH  STANDARD   SPECIFICATION  AND  SEC- 

TIONS FOR  BULL  HEADED  RAILWAY  RAILS. 

F'cap.  folio,  sewed.  {Just  Published.    Net  1  O  6 


BRITISH  ENGINEERING  STANDARDS  CODED  LIST. 

Rolled  Sections  for  Constructional  Iron  and  Steel  Tram  Rails.  Compiled  by 
Robert  Atkinson.    476  pp.,  410,  cloth.  Net  21/0 
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MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  ETC. 


MARINE  ENGINES  AND  BOILERS. 

Their  Design  and  Construction.    A  Handbook  for  the  Use  of  Students, 
Engineers.,  and  Naval  Constructors.    Based  on  the  Work  "  Berechnurg  ui  d 
Konstruktion  der  Schiffsmaschinen  und  Kessel,"  by  Dr.  G.  Bauer,  Enginetr- 
in-Chief  of  the  Vulcan  Shipbuilding  Yard,  Stettin.  Translated  from  the  Second 
,  German  Edition  by  E.  M.  Donkin,  and  S.  Bryan  Donkin,  A.M.I.C.E. 
Edited  by  Leslie  S.  Robertson,  Secretary  to  the  Engineering  Standards 
Committee,  M.I.C.E.,  M.I.M.E.,  M.I.N.A.,  &c.  With  numerous  Illustrations 
and  Tables.    Medium  8vo,  cloth    .    [Nearly  Ready,  Price  about  32/-  Net. 
Summary  of  Contenis  :— PAkT  I.— MAIN  ENGINES.— determination  of  cylin- 
der Dimensions.— The  Utilisation  op  Steam  in  the  Engine.— Stroke  of  Piston. 
—Number  of  Revolutions.— Turning  Moment.— Balancing  of  the  Moving  Parts. 
—Arrangement  of  Main  Engines.— Details  of  Main  Engine?.— The  Cylinder.— 
Valves.— Various  Kinds  of  Valve  Gear. -Piston  Rods.— Pistons. —Connecting 
Rod  aivd  Crosshead. —Valve  Gear  Rods.— bed  Plates.  —  engine  Columns,— 
Reversing  and  Turning  Gear.  PART  II.—  PUMPS.— Air,  Circulating  Feed,  and 
AUXILIARY  PUMPS.    PART  III.— SHAFTING,  RESISTANCE  OF  SHIPS,  PROPELLERS. 
—Thrust  Shaft  and  Thpust  Block.— Tunnel  Shafts  and  hummer  Blocks.— 
Shaft  Couplings.— Stekn  tube.— 1  he  Screw  Propeller.— Const  ruction  of  the 
screw,   part  iv.— pipes  and  connections.-general  remarks,  flanges, 
Valves,   &c— Under  Water  Fitiings.— Main  si eam,  auxiliary  Steam,  and 
Exhaust  Piping— Feed  Water,  Bilge,  Ballast  and  Circulat  ing  Pipes.  PART  v.— 
STEAM  BOILERS.— Firing  and  the  Generation  of  Steam.— Cylindrical  boiiERS. 

—  Locomotive  Boilers.  —  Water- 3  ube  Boilers.  —  Small  Tube  Water-Tube 
Boilers.— Smoke  Box-Funnel  and  Boiler  Lagging.— Foe ced  Draught.— boiler 
Fittings  and  Mountings.  PART  VI.— MEASURING  INSTRUMENTS.  PART  VII.— 
VARIOUS  DETAILS.— Bolts,  Nuts,  Screw  Threads,  &c— platfoems,  Gratings, 

Ladders.  —  Found  \tions.  —  Seatings.  —  Lubrication  Ventilation  of  Engine 

Rooms.— Rules  for  spare  Gear,  PART  VIII.— ADDITIONAL  TABLES. 

THE    NAVAL    ARCHITECT'S    AND  SHIPBUILDER'S 

POCKET-BOOK 

Of  Formulae,  Rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor  Handy 
Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A.  Eighth  Edition, 
carefully  Revised  and  Enlarged.  Fcap.,  leather  .  .  .  Net  1 2/6 
Summary  of  Contents:— Signs  and  symbols,  Decimal  Fractions.— Trigo- 
nometry.—Practical  Geometry.— Mensuration.— Centres  and  Moments  of 
Figures. —Moments  of  Inertia  and  Radii  Gyration.— Algebraical  Expressions 
for  Simpson's  Rules.— Mechanical  Principles.— Centre  of  Gravity.— Laws  of 
Motion. —Displacement,  Centre  of  Buoyancy.— Centre  of  Gravity  of  Ship  s 
Hull.— Stability  Curves  and  Meta centres.— Sea  and  Shallow-water  Waves. 
—Rolling  of  ships.— Propulsion  and  Resistance  of  Vessels.— Speed  trials.— 
Sailing,  Centre  of  Effort.— Distances  down  Rivers,  Coast  Lines.— Steering  and 
Rudders  of  Vessels.— Launching  Calculations  and  Velocities.— Weight  of 
Material  and  Gear. —  Gun  Particulars  and  Weight.— Standard  Gauges.— 
Riveted  Joints  and  Riveting.— Strength  and  Tests  of  materials.— Binding 
and  Shearing  Stresses.  —  Strength  of  Shafting,  Pillars,  Wheels,  &c.  — 
Hydraulic  Data,  &c.  —  Conic  Sections,  Catenarian  Curves.  —  Mechanical 
Powers,  Work.— Board  of  Trade  Regulations  for  Boilers  and  Engines.— Board 
of  Trade  Regulations  for  Ships.— Lloyd  s  Rules  for  Boilers.— Lloyd's  Weight 
of  Chains.— Lloyd's  Scantlings  for  Ships.— Data  of  engines  and  vessels.— 
Ships'  Fittings  and  Tests.— Seasoning  Preserving  Timber.— Measurement  of 
Timber.— Alloys,  Paints,  Varnishes.— Data  for  Stowage.— Admiralty  trans- 
port Regulations.  —  Rules  for  Horse-power,  Screw  propellers,  &c— Per- 
centages for  butt  Straps.— Particulars  of  Yachts.— Masting  and  Rigging. 

—  Distances  of  Foreign  Ports. —Tonnage  Tables.— Vocabulary  of  French  and 
English  Terms.— English  Weights  and  Measures.— Foreign  Weights  and  Mea- 
sures.—Decimal  Equivalents.— Useful  Numbers.— Circular  Measures.— Areas 
of  and  Circumferences  of  Circles.- Areas  of  segments  of  Circles.— Tables 
of  Squares  and  Cubes  and  Roots  of  Numbers.— Tables  of  Logarithms  of  Num- 
bers.—Tables  of  Hyperbolic  Logarithms.— Tables  of  Natural  Sines,  Tangents, 
—Tables  of  Logarithmic  Sines,  Tangents,  &c 

*'  In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains 
a  vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work." — Nautical  Magazine. 

"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  collected  from  the 
best  authorities,  and  put  together  in  a  .popular  and  simple  form.  It  is  of  exceptional  merit."— 
Engineer. 

"  A  pocket-book  of  this  description  must  be  a  necessity  in  the  shipbuilding  trade.  It  con- 
tains a  mass  of  useful  information  clearly  expressed  and  presented  in  a  handy  form."— Marine 
Engineer, 
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WANNAN '5  MARINE  ENGINEER'S  GUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions  ; 
302  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers  ;  complete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  W ANNAN, C.E., Consulting Engineer,and  E.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerous  Engravings.  Third 
Edition,  Enlarged.  500  pages.  Large  crown  8vo,  cloth  .  .  iVW"|0/6 
"  The  book  is  clearly  and  plainly  written  and  avoids  unnecessary  explanations  and  formulas, 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering." — Nautical  Magazine, 

WANNAN'S  MARINE  ENGINEER'S  POCKET-BOOK. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.  Third  Edition,  Revised,  Enlarged,  and  Brought  up  to 
Date.    Square  i8mo,  with  thumb  Index,  leather  ,       .       ,  5/0 

"There  is  a  great  deal  of  useful  information  in  this  little  pocket-book.     It  is  of  the  rule-of- 

thumb  order,  and  is,  on  that  account,  well  adapted  to  the  uses  of  the  sea-going  engineer." — 

Engineer. 

THE  SHIPBUILDING  INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lehmann-Felskowski.  With  Coloured  Prints, 
Art  Supplements,  and  numerous  Illustrations  throughout  the  text.  Super- 
royal  4to,  doth.  {Just  Published.  -AW10/6 

5EA  TERMS,  PHRASES,  AND  WORDS 

(Technical  Dictionary  of)  used  in  the  English  and  French  Languages 
(English-French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pirrie,  late  of 
the  African  Steamship  Company.  Fcap.  8vo,  cloth  limp  .  .  .  5/0 
"  This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shipbuilders  and  ship- 
owners.   It  will  be  found  wonderfully  accurate  and  complete." — Scotsman. 

MARINE  ENGINEER'S  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formulae.    By  Frank  Proctor,  A. I.N. A. 

Third  Edition.    Royal  32mo,  leather  4/0 

"  We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  want." — Naval  Science. 
"  A  most  useful  companion  to  all  marine  engineers.  " — United  Service  Gazette. 

ELEMENTARY  MARINE  ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  By  J.  S.  Brewer. 
Crown  8vo,  cloth  1/6 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Sea-Book,  by  J.  Greenwood  and  W.  H. 
Rosser  ;  with  Mathematical  and  Nautical  Tables  for  Working  the  Problems, 
by  H.  Law,  C.E.,  and  Professor  J.  R.  Young.    i2mo,  half-bound    .  7/0 

THE  ART  AND  SCIENCE  OF  SAILMAKING. 

By  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Lapthorne,  of  Cowes  and  Gosport.    Plates.    4to,  cloth. 

12/6 

"  This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  manu. 
facture,  cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  form  a  first- 
rate  text-book  and  guide."— Portsmouth  Times. 

CHAIN  CABLES  AND  CHAINS. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  &c,  Iron  for  Cables  and  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c,  &c.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Superintendent,  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings.  Folio, 

doth  £2  2a. 

'  It  contains  3  vast  amount  cf  valuable  information.  Nothing  seems  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  refereuce  on  the  subject.     Nautical  Magazine. 
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MINING,   METALLURGY,  AND 
COLLIERY  WORKING. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
kussia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of 
the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp; 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the- 
Balakhany-Saboontchy-Romany  Oil  Field.    Super-royal  8vo,  cloth. 

[Just  Published.    Net  £3  3S„ 

MACHINERY  FOR  METALLIFEROUS  MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Henry  Davies,  M.E.,  F.G.S.  6co  pp.  With  Folding  Plates- 
and  other  Illustrations.    Medium  8vo,  cloth       ....     Net  25/0' 

*'  Deals  exhaustively  with  the  many  and  complex  details  which  go  to  make  up  the  sum  total  of 
machinery  and  other  requirements  for  the  successful  working  of  metalliferous  mines,  and  as  a  book 
of  ready  reference  is  of  the  highest  value  to  mine  managers  and  directors."— Mining  Journal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg),  M.N.E.I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  Corporation,  Ltd.,  of  London,  Berlin,  Paris, 
and  Johannesburg.    Fully  Illustrated  with  Diagrams  and  Folding  Plates. 

Royal  8vo,  buckram  Net  25/0 

"Mr.  Denny  by  confining  himself  to  the  consideration  of  the  future  of  the  deep-level  mines 
of  the  Rand  breaks  new  ground,  and  by  dealing  with  the  subject  rather  from  a  commercial  stand- 
point than  from  a  scientific  one,  appeals  to  a  wide  circle  of  readers.  The  book  cannot  fail  to  prove 
of  very  great  value  to  investors  in  South  African  mines."-- Mining  Journal. 

PROSPECTING  FOR  GOLD. 

A  Handbook  of  Practical  Information  and  Hints  for  Prospectors  based  on 
Personal  Experience.  By  Daniel  J.  Rankin,  F.R.S.G.S  ,  M.R.A.S  ,  formerly 
Manager  of  the  Central  African  Company,  and  Leader  of  African  Gold  Pros- 
pecting Expeditions.    With  Illustrations  specially  Drawn  and  Engraved  for 

the  Work.    Fcap.  8vo,  leather  Net  7/6 

"This  well-compiled  book  contains  a  collection  of  the  richest  gems  of  useful  knowledge  for 

the  prospector's  benefit.   A  special  table  is  given  to  accelerate  the  spotting  at  a  glance  of  minerals 

associated  with  gold."-— ^fining  Jotiriial. 

THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing  Ores. 
Including  the  Assaying,  Melting,  and  Refining  of  Gold.    By  M.  Eissler, 
M.  Inst.  M.M.    Fifth  Edition,  Enlarged.   With  over  300  Illustrations  and 
numerous  Folding  Plates.  Medium  8vo,  cloth      ....    Net  2MQ 
"  This  book  thoroughly  deserves  its  title  of  a  '  Practical  Treatise.'   The  whole  process  of  gold 
mining,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and  orderly 
narrative  and  with  much,  but  not  too  much,  fulness  of  detail."— Saturday  Review. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 

By  M.  Eissler,  M.  Inst.  M.M.    With  Diagrams  and  Working  Drawings. 

Thiid  Edition,  Revised  and  Enlarged.  8vo,  cloth  ....  Net  7/6 
"This  book  is  iust  what  was  needed  to  acquaint  raining  men  with  the  actual  working  of  a 
process  which  is  not  only  the  most  popular,  but  is,  as  a  general  rule,  the  most  successful  for  the 
extraction  of  gold  from  tailings."— Mining  Journal. 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Denny,  M.N.E.  Inst.  M.E., 
M.  Inst.  M.M.  Medium  8vo,  168  pp.,  with  Illustrative  Diagrams  .  1  2/6 
"  There  is  certainly  scope  for  a  work  on  diamond  drilling,  and  Mr.  Denny  deserves  gratefui 
ecognition  for  supplying  a  decided  want."— Mining  Journal. 
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GOLD  ASSAYING. 

A  Practical  Handbook,  giving  the  Modus  Operandi  for  the  Accurate  Assay  o< 
Auriferous  Ores  and  Bullion,  and  the  Chemical  Tests  required  in  the  Processes 
of  Extraction  by  Amalgamation,  Cyanidation,  and  Chlorination.  With  an 
Appendix  of  Tables  and  Statistics.  By  H.  Joshua  Phillips,  F.I.C.,  F.C.S., 
Assoc.Inst.C.E.,  Author  of  "Engineering  Chemistry,"  etc.  With  Numerous 
Illustrations.    Large  Crown  8vo,  cloth.  [Just  Published,    Net  7/6 

FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt, 
M.N.E.  Inst.  M.E.,  A.R.S.M.,  &c.  With  Photographic  Plates  and  other 
Illustrations.      Fcap.  8vo,  leather   Net  5/0 

"As  an  instructor  of  prospectors' classes  Mr.  Merritt  has  the  advantage  of  knowing 
exactly  the  information  likely  to  be  most  valuable  to  the  miner  in  the  field.  The  contents  cover 
all  the  details  of  sampling  and  testing  gold  and  silver  ores.  A  useful  addition  to  a  prospector's 
kit." — Mining  Journal. 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal- Bearing  or  other 
Valuable  Minerals.    By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Tenth 
Edition.    Small  crown  8vo,  3/6  cloth  ;  or,  leather      ....  4/6 
"  Will  supply  a  much-felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine." — Engineer. 

"  How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leading  points  to  which  attention  is  directed." — Mining  Journal. 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver 
Ores.  Including  the  Assaying,  Melting,  and  Refining  of  Silver  Bullion.  By 
M.  Eissler,  M.  Inst.  M.M.  Third  Edition.  Crown  8vo,  cloth  .  10/6 
"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long-felt 

want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly 

connected  with  the  industries." — Mining  Journal. 

THE  HYDRO-METALLURGY  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro-Metallurgical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  Eissler,  M.  Inst.  M.M.    8vo,  cloth      ....      Net  12/6 

"  In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet  methods  are  fully 
dr  tailed.  Costs  are  given  \vh<  n  a^  ailable,  and  a  great  deal  of  useful  informati  n  about  the  copper 
industry  of  the  world  is  presented  in  an  interesting  and  attractive  manner." — Mining  Journal. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  oi 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  Eissler,  M.  Inst.  M.M.  Crown  8vo,  cloth  ....  12/6 
"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 

all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue  from 

the  refinery  as  an  article  of  commerce." — Practical  Engineer. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.    6oo  pp.,  with  173 

Illustrations.    Large  crown  8vo,  cloth  Net  "|  2/6 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 

book  for  his  companion  and  his  guide."— Mining  Journal. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 

With  about  100  Illustrations.    Crown  8vo,  cloth  12/6 

"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  same  amount  of  information  packed  in  equally  convenient  form."— A cademy. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Future 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  Robert 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upwards  of  950  pp.,  with 
230  Illustrations.  Second  Edition,  Revised.  Super-royal  Svo,  cloth  £2  2ft* 
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POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.    By  F.  Danvers  Power,  F.G.S.,  M.E.    Second  Edition,  Corrected. 

Fcap.  8vo,  leather  g/Q 

"This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  arge  sale 
amongst  English-speaking  prospectors  and  mining  engineers.  "—Engineering. 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milne,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  University  of  Japan.  Third  Edition.  Fcap.  8vo,  leather  7/6 
"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students."— Athenceum 

IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  8vo,  cloth  .       .  16/0 

MINE  DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Pumping  Machinery.  By  Stephen  Michell.  Second  Edition,  Re-written 
and  Enlarged.   With  250  Illustrations.   Royal  8vo,  cloth      .       Net  25/0 

T7^T1£2RI?ONTAL  PIMPING  ENGINES. — ROTARY    AND  NON-ROTARY  HORIZONTAL 
5^5™  -~^IMP^E  A^D  CoMPOUND  STEAM  PUMPS. -VERTICAL  PUMPING  ENGINES.- 
NoN.-ROTARY    VERTICAL   ENGINES.— SIMPLE   AND  COMPOUND  STEAM 
SV™: JRIPLE"EXPANSION    STEAM    PUMPS.  -  PULSATING    STEAM    PUMPS.  -  PUMP 

valves. — Sinking  Pumps,  &c,  &c. 

T,  "This  volume  contains  an  immense  amount  of  important  and  interesting  new  matter. 
Th5,,boo~,  sh°uld.  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  sub- 
ect.  — 1  he  Engineer. 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M  I.M.E.,  M.I.E.E.,  late  Professor  01 
Coal  Mining  at  the  Yorkshire  Co'lege,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M. I. M.E 
Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University  ;  and  Herbert  Perkin,  M.I.M.E..  Certificated  Colliery  Manager 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.    With  about  170  Illustrations.    Medium  8vo,  cloth. 

Net  9'Q 

For  Summary  of  Contents,  see  page  23.) 

THE  COLLIERY  MANAGER'S  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Laying-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal- 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely, 
Mining  Engineer  and  Surveyor  ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  With  over  i,ood  Diagrams,  Plans,  and  other  Illustra- 
tions. Fifth  Edition,  Carefully  Revised  and  Greatly  Enlarged.  1,2  o  pp. 
Medium  8 vo,  cloth.  U^st  Published.    Net   £1  5S. 

qHAW?E?™°^rS^^H^F?TR    COAL.-MINERAL    LEASES    AND    OTHER  HOLDINGS.- 

!nrV2U f  ^ ^«J?JTSJS^VP  TH£  SHAFT  and  Surface  Arrangements.-Steam 

BOILERS   AND   THEIR    FITTINGS.— TIMBERING  AND  WALLING.-  NARROW     WORK  AND 

METHODS    OF    WORKING.  -  UNDERGROUND     CONVEYANCE.  —  DRAINAGE  THE  GASES 

PRTK^^%MlNSl;.TyENTiLATION-  "  °N  THE  POTION  OF  lli ^MliS  -  ThJ 
PtH  wSiJ*  e?l^  JrNTGINE  5  PETROLEU M  AND  NATURAL  GAS.  -  SURVEYING  AND 
PLANNING.— SAFETY   LAMPS   AND   FIREDAMP  DETECTORS.-SUNDRY  AND  INCIDENTAL 

?NnR^McwcDc^D  ^PPLIAN<"Eo" — Colliery  Explosions-Miscellaneous  Questions 

ACCIDENTS  W  Mmti6™**''    SUMMARY   OF    REpORT    OF    H.M.     COMMISSIONERS  ON 
J!-Mr"  Pamely'?  work  is  eminently  suited  to  the  purpose  or  which  it  is  intended,  being  clear, 
Lvl^  H^^115"!6'  "Ch  m  d^ai1'  and£p  to  date«  descriptions  of  the  latest  machines  in 

Guardian  mining  engineer  could  scarcely  go  wrong  who  followed  this  work."— Colliery 

o„Hoxil3?r\Pamely  has  not  oniy  &Yen  us  a  comprehensive  reference  book  of  a  very  high  order 
^nfni  ci-  V  ?  re9"irementl  of  mining  engineers  and  colliery  managers,  but  has  also  provided 
mining  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive.  "-Colliery  Manager 
ianOT,„„J  m he,.moSt  comPiete  'all-round  *  work  on  coal-mining  published  in  the  English 
sStonVpk-llJ.SAr^      COal'mining  books  is  complete  without  it."-Colliery  Engineer 
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PRACTICAL  COAL  MINING. 

An  Elementary  Class-Book  for  the  Use  of  Students  attending  Classes  in  Pre- 
paration for  the  Board  of  Education  and  County  Council  Examinations,  or 
Qualifying  for  First  or  Second  Class  Colliery  Managers'  Certificates.  By 
T.  H.  Cockin,  Member  of  the  Institution  of  Mining  Engineers,  Certificated 
Colliery  Manager,  Lecturer  on  Coal-Mining  at  Sheffield  University  College. 
With  Map  of  the  British  Coal-fields  and  over  200  Illustrations  specially  Drawn 
and  Engraved  for  the  Work.    Crown  8vo,  440  pp.  [Just  Published.  Net  4  6 

COLLIERY  WORKING  AND  MANAGEMENT. 

Comprising  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrange- 
ment of  Labour  and  Wages,  and  the  different  Systems  of  Working  Coal 
Seams.  By  H.  F.  Bulman  and  R.  A.  S.  Redmayne.  350  pp.,  with 
28  Plates  and  other  Illustrations,  including  Underground  Photographs. 
Medium  8vo,  cloth.  1  5/0 

"  This  is,  indeed,  an  admirable  Handbook  for  Colliery  Managers,  in  fact  it  is  an  Indispensable 
adjunct  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  work 
on  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.  The  underground  photographs 
are  an  attractive  feature  of  the  work,  being  very  lifelike  and  necessarily  true  representations  of  the 
scenes  they  depict." — Colliery  Guardian, 

"  Mr.  Bulman  and  Mr.  Redmayne,  are  to  be  congratulated  on  having  supplied  anauthoritar 
tive  work  dealing  with  a  side  of  the  subject  of  coal  mining  which  has  hitherto  received  but  scant 
treatment.   The  illustrations  are  excellent." — Nature, 

COAL  AND  COAL  MINING. 

By  the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.  Eighth  Edition, 
Revised  and  Extended  by  T.  Forster  Brown,  Chief  Inspector  of  the  Mines 
of  the  Crown  and  of  the  Duchy  of  Cornwall.  Crown  8vo,  cloth.  .  3/6 
"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 

principal  methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers. "~ 

Mining  Journal. 

N0TE5  AND  FORMULA  FOR  MINING  STUDENTS. 

By  John  Herman  Merivale,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle-upon-Tyne.     Fourth  Edition,  Revised  and 
Enlarged.    By  H.  F.  Bulman,  A.M.Inst.C.E.    Small  crown  8vo,  cloth.  2/6 
"The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  will 
be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations."— Engineer. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).    By  Frank  Clowes,  D.Sc,  Lond., 
F.I.C.    With  a  Chapter  on  The  Detection  and  Measurement  of  Petro- 
leum  Vapouf,  by  Boverton  Redwood,  F.R.S.E.  Crown  8vo,  cloth.  Net  5/0 
11  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance   .    .  . 
Those  interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  things."—  The  Engineer. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams  ;  Analyses  of  each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.  By  Richard  Meade.  8vo,  cloth  .  .  £1  8s. 
"A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from 
his  library." — Iron  and  Coal  Trades  Review. 

ASBESTOS  AND  ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.    By  Robert  H.  Jones,  F.S.A., 
Mineralogist,    Hon.    Mem.  Asbestos  Club,    Black  Lake,   Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.  Demy  8vo,  cloth.        .      1  8/0 
"  An  interesting  and  invaluable  work."— Colliery  Guardian. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo,  cloth  2/6 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintern,  C.E.  With  two  plates. 
Small  crown  8vo,  cloth   Net  3/0 
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ELECTRICITY,  ELECTRICAL 
ENGINEERING,  ETC. 


THE  ELEMENTS  OF  ELECTRICAL  ENGINEERING. 

A  First  Year's  Course  for  Students.     By  Tyson  Sewell,  A.I.E.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.    Second  Edition,  Revised,  with  Additional  Chapters 
on  Alternating  Current  Working,  and  Appendix  of  Questions  and  Answers. 
450  pages,  with  274  Illustrations.  Demy  8vo,  cloth.  [Just  Published.  Net  7/6 
Ohm's  Law.— Units  Employed  in  Electrical  Engineering. -Series  and 
Parallel  Circuits  ;  Current  Density  and  Potential  Drop  in  the  Circuit.— 
The  Heating  Effect  of  the  Electric  Current.— The  Magnetic  Effect  of  an 
Electric  Current.— The  Magnetisation  of  Iron.— Electro-Chemistry  ;  Primary 
Batteries.— Accumulators.— Indicating  Instruments;  Ammeters,  Voltmeters, 
Ohmmeters.— Electricity  Supply  Meters.— Measuring  Instruments,  and  the 
Measurement  of  Electrical  Resistance.  —  Measurement  of  Potential  Dif- 
Ference,  Capacity,  Current  Strength,  and  Permeability.— Arc  Lamps.— Incan- 
descent Lamps;  Manufacture  and  Installation;  Photometry.  —  The  Con- 
tinuous  Current  Dynamo.— Direct  Current  Motors.— Alternating  Currents. 
—Transformers,  Alternators,  Synchronous  Motors.— Polyphase  Working.— 
Appendix  of  Questions  and  Answers. 

"An  excellent  treatise  for  students  of  the  elementary  facts  connected  with  electrical 
engineering-."—  The  Electrician. 

"  One  of  the  best  books  for  those  commencing  the  study  of  electrical  engineering.  Every- 
thing  is  explained  in  simple  language  which  even  a  beginner  cannot  fail  to  understand."— Engineer. 

"  One  welcomes  this  book,  which  is  sound  in  its  treatment,  and  admirably  calculated  to  give 
students  the  knowledge  and  information  they  most  require." — Nature. 

THE  ELECTRICAL  TRANSMISSION  OF  ENERGY. 

A  Manual  for  the  Design  of  Electrical  Circuits.  By  Arthur  Vaughan 
Abbott,  C.E.,  Member  American  Institute  of  Electrical  Engineers,  Member 
American  Institute  of  Mining  Engineers,  Member  American  Society  of  Civil 
Engineers,  Member  American  Society  of  Mechanical  Engineers,  &c.  With 
Ten  Folding  Diagrams  and  Sixteen  Full-page  Engravings.  Fourth  Edition, 
entirely  Re- Written  and  Enlarged.    Royal  8vo.  cloth. 

{just  Published.    Net    3Q  O 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working,  and  other  Uses.  By  F.  A.  C.  Pkrrine, 
A.M.,  D.Sc.  ;  formerly  Professor  of  Electrical  Engineering,  Leland  Stanford, 
Jr.,  University ;  M.Amer.I.E.E.    8vo,  cloth       ....    Net  20/- 

Conductor  Materials— Alloyed  Conductors— Manufacture  of  Wire— 
Wire-Finishing— Wire  Insulation— Cables— Calculation  of  Circuits— Kelvin's 
Law  of  Economy  in  Conductors— Multiple  Arc  Distribution— Alternating 
Current  Calculation— Overhead  Lines— Pole  Line— Line  insulators— Under, 
ground  Conductors. 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charles  Henry 
Sewall.    With  85  Diagrams  and  Illustrations.    Demy  8vo,  cloth. 

[Just  Published.    Net  10/6 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst  C.E.,  M.I  M.E.,  M.LEE.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University.  Mining  Engineer 
and  Colliery  Manager;  G.  D  Aspinall  Parr,  M.I.&.E.,  A  M.I  M.E., 
Associate  of"  the  Central  Technical  College,  City  ard  Guilds  of  London,  Head 
of  the   Electrical    Engineering   D<  p  rtment,  Yorkshire  Co'lege,  V.croria 
University;  and  Hekb^rt  Pbrkin,  M  I.M  E.,  Certificated  Ct  Ah  ery  Manager, 
Assistant  Lectuier  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illustrations.  Medium  8vo,  cloth.  Net  9/  - 
Introductory.  —  dynamic  Electrici  j  y.  —  Driving  of  the  Dynamo.  —  the 
Steam  Turbine.— Distribution  of  Electrical  Energy.- Starting  and  Stopping 
Electrical  Generators  and  Motors.— Electric  Cables.— Central  Electrical 
Plants.— Electricity  applied  to  Pumping  and  Hauling.— Electricity  applied 
to  Coal-Cutting.— Typical  Electric  Plants  Recently  Erected.  —  electric 
Lighting  by  arc  and  Glow  Lamps— Miscellaneous  Applications  of  electricity 
—Electricity  as  Compared  with   other  modes  of  Transmitting  power.— 
©angers  of  Electricity, 
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DYNAMO,    MOTOR   AND   SWITCHBOARD  CIRCUITS 

FOR  ELECTRICAL  ENGINEERS. 

A  Practical  Book  dealing  with  the  subject  of  Direct,  Alternating  and  Poly- 
phase  Currents.  By  William  R.  Bowker,  C.E.,  M.E.,  E.E.,  Consuming 
Tramway  Engineer.    8vo,  cloth.  [Just  Published.    Net  6/0 

DYNAMO  ELECTRIC  MACHINERY:    its  CONSTRUC- 
TION, DESIGN,  and  OPERATION. 

By  Samuel  Sheldon,  AM.,  Ph.D  ,  Professor  of  Physics  and  Electrical 
Engineering  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  Hobart 
Mason,  B.S. 

In  two  volumes,  sold  separately,  as  follows  : — 
Vol.  I.— DIRECT  CURRENT  M  ACHINES.    Fifth  Edition,  Revised.  Large 
crown  8vo.    280  pages,  with  200  Illustrations        .       .      Net    1  2/0 
Vol.  II.— ALTERN  VTTNG  CURRENT  MACHINES.   Large  crown  8vo.  260 

pages,  with  184  Illustrations  Net  1  2/0 

Designed  as  Text-books  for  use  in  Technical  Educational  Institutions,  and  by  Engineers 
whose  work  includes  the  handling  of  Direct  and  Alternating  Current  Machines  respectively,  and 
for  Students  proficient  in  mathematics. 

ARMATURE  WINDINGS  OF   DIRECT  CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E  Arnold, 
Engineer.  Assistant  Professor  in  Electrotechnics  and  Machine  Design  at  the 
Riga  Polytechnic  School.  Translated  from  the  Original  German  by  Francis 
B.  De  Gress,  M.E.,  Chief  of  Testing  Department,  Crocker-Wheeler  Com- 
pany. With  146  Illustrations.   Medium  8vo,  cloth       .       .       .  Net 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
Bv  A.  A.  Atkinson,  Professor  of  Electricity  in  Ohio  University.    Crown  8vo, 

cloth  Net  9/0 

**  To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  subject  we  can  recom- 
mend this  book  as  being  useful  to  consult  when  requiring  data  or  formulae  which  it  is  neither  con- 
venient nor  necessary  to  retain  by  memory." — The  Electrician. 

SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WOnschen- 
dorff's  "  Traite  de  Telegraphie  Sous-Marine,"  and  Compiled  from  Authorita- 
tive  and  Exclusive  Sources.  By  Charles  Bright,  F.R.S.E.,  A.M.Inst.C.E., 
M.I.E.E.    780  pp.,  fully  Illustrated,  including  Maps  and  Folding  Plates. 

Royal  8vo,  cloth     .   Net  £3  3s. 

"  There  are  few,  if  any,  persons  more  fitted  to  write  a  treatise  on  submarine  telegraphy  than 
Mr.  Charles  Bright.  He  has  done  his  work  admirably,  and  has  written  in  a  way  which  will 
appeal  as  much  to  the  layman  as  to  the  engineer.  This  admirable  volume  must,  for  many  years  to 
come,  hold  the  position  of  the  English  classic  on  submarine  telegraphy."— Engineer. 

"  This  book  is  full  of  information.  It  makes  a  book  of  reference  which  should  be  in  every 
engineer's  library." — Nature. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK. 

Consisting  of  Rules,  Formulae,  Tables,  and  ■  Data.  By  H.  R.  Kempe, 
M.I.E.E.,  A.M.Inst.C.E.,  Technical  Officer  Postal  Telegraphs,  Author  of 
"A  Handbook  of  Electrical  Testing,"  &c.  Second  Edition,  thoroughly 
Revised,  with  Additions.    With  numerous  Illustrations.    321110,  leather  5/0 

"  It  Is  the  best  book  of  its  kind." — Electrical  Engineer. 

"  The  Electrical  Engineer's  Pocket-Book  is  a  good  one."— Electrician. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries."— Electrical  Review. 

POWER  TRANSMITTED  BY  ELECTRICITY. 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  Third  Edition,  Fully  Revised,  and  New 
Matter  added.    With  94  Illustrations.    Crown  8vo,  cloth     .       .    Net  9,0 

DYNAMIC  ELECTRICITY  AND  MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  "Elements  of  Static 
Electricity,"  &c,    Crown  8voj  417  pp.,  with  120  Illustrations,  cloth    .  10/ff 
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THE  MANAGEMENT  OF  DYNAM05. 

A  Handy  book  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.    By  G.  W.  Lommis-Paterson. 

Third  Edition,  Revised     Crown  8vo,  cloth  4/6 

The  subject  is  treated  in  a  manner  which  any  intelligent  man  who  is  fit  to  be  entrusted  with 

charge  of  an  engine  should  be  able  to  understand.    It  is  a  useful  book  to  all  who  make,  tend,  or 

employ  electric  machinery."—  Architect. 

HANDBOOK  FOR  THE  USE  OF  ELECTRICIANS. 

In  the  Operation  and  Care  of  Electrical  Machinery  a  id  Apparatus  of  the 
U.  S.  Sea-Coast  Defences.  By  Geo.  L.  Anderson,  A.M.,  Captain 
U.  S.  Artillery.  Prepared  under  the  direction  of  the  Lieutenant-General 
Commanding  the  U.  S.  Army.    Royal  8vo,  cloth       .       .       .    Net  21.0 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions.  By  T.  O'Conor 
Sloane,  A.M.,  Ph.D.    Third  Edition,  with  Appendix.     Crown  Svo,  690  pp., 

390  Illustrations,  cloth   .       .       JVet  7/6 

"  The  work  has  many  attractive  features  in  it,  and  is,  beyond  doubt,  a  well  put  together  and 

useful  publication.    The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  found."— Electrical  Review. 

ELECTRIC  LIGHT  FITTING. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.     By  J.  W.  Urquhart.    With  numerous  Illustra- 
tions.   Fourth  Edition,  Revised.    Crown  8vo,  cloth       ....  5/0 
"  This  volume  deals  with  the  mechanics  ot  electric  lighting,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  training  for  it.    The  work  traverses  a  great  deal  of  ground, 
and  may  be  read  as  a  sequel  to  the  author's  useful  work  on  « Electric  Light.'  "—Electrician. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directions  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Urquhart,  C.E.    Sixth  Edition.    Crown  8vo,  cloth  .  .7/6 
"The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  manner,  "—Electrical  Review. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians- 
in -Charge.     Embracing  Framework  Building,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  &c.    By  J.  W.  Urquhart.  Second 
Edition,  Enlarged,  with  114  Illustration  .    Crown  8vo,  cloth        .       .  7/6 
"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  such  a  way  that  the 
engineering  student  can  understand  them.    The  book  is  very  readable,  and  the  author  leads  his 
rea  ters  up  to  difficult  subjects  by  reasonably  simple  tests."— Engineering-  Review. 

ELECTRIC  SHIP-LIGHTING. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seagoing 
Engineers-in-Charge.     By  J.  W.  Urquhart,  C.E.    Second  Edition,  Revised 
^and  Extended.    With  88  Illustrations,  Crown  8vc,  cloth        .       .  .7/6 
'*  Mr.  Urquhart  is  to  be  highly  complimented  for  placing  such  a  valuable  work  at  the  service 
marine  electricians."—  The  Steamship. 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Fifth  Edition. 
With  16  Illustrations.    Crown  8vo,  cloth  1/6 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
1  hird  Edition,  Revised.    Crown  8vo,  wrapper  1/0 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  Alfred  Crofts.    Sixth  Edition,  Revised.    Crown  8vo,  cloth      .  2/0 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  Noap,  F.R.S.   6§o  pp.,  wi^h  470  Illustrations.    Crown  8vo,  cloth. 

9/0 
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ARCHITECTURE,  BUILDING,  ETC. 


SPECIFICATIONS  IN  DETAIL. 

By  Frank  W.  Macey,  Architect,  Author  of  "Conditions  of  Contract, 
Second  Edition,  Revised  and  Enlarged,  containing  644  pp.,  and  2,000  Illustra- 
tions.   Royal  8vo,  cloth.  [Just  Published.    Net  21 /O 
Summary  of  Contents  : -General  Notes  (including  Points  in  Specification 
Writing,  The  Order  of  a  Specification,  and  Notes  on  Items  often  Omitted 
from  a  Specification).— Form  of  Outside  Cover  to  a  Specification.— Specifica* 

TION  CF  WORKS  AND  LIST  OF  GENERAL  CONDITIONS.— PRELIMINARY  ITEMS  (INCLUDING 

Shoring  and  House  Breaker).— Drainage  (includtng  Rain-water  wells  and 
Reports).— Excavator  (including  Concrete  Floors,  Roofs,  Stairs,  and  Walls). 
—Pavior.— Bricklayer  (including  Flintwork,  River  and  other  Walling,  Spring, 
water  Wells,  Storage  Tanks,  Fountains,  Filters,  Terra  Cotta  and  Faience).— 
Mason.— Carpenter,  Joiner  and  Ironmonger  (including  Fencing  and  Piling.— 
smith  and  Founder  (including  Heating,  Ftre  hydrants,  Stable  and  Cow-house 
Fittings*.— Slater  (including  Slate  Mason).— Tiler.— Stone  Tiler.-  Shingler.— 
Thatcher.  —  Plumber  (including  Hot-water  work).  —  Zincworker.  —  Copper^ 
smith.  —  Plasterer.  —  Gasfittek.  —  Bellhanger.  —  Glazier.  —  Painter.— Paper, 
hanger.  — General  Repairs  and  Alterations.— Ventilation.  —  road-making — 
Electric  Lighting.— Index. 

PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnell  Allen, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Fourth  Edition,  Revised  and  Enlarged. 
Medium  8vo,  570  pp.,  with  over  1,000  Illustrations,  cloth. 

[Just  Published.    Net  7/6 
"  The  most  complete  exposition  of  building  construction  we  have  seen.    It  contains  all  that  is 
necessary  to  prepare  students  for  the  various  examinations  in  building  construction."— Building 
News. 

"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.  The  pages  suggest 
the  hand  of  a  man  of  experience  in  building  operations— and  the  volume  must  be  a  blessing  to 
many  teachers  as  well  as  to  students."—  The  Architect. 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction,  Setting 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden- 
tives.  Vaults,  Tracery  Windows,  &c.  ;  to  which  are  added  Supplements 
relating  to  Masonry  Estimating  and  Quantity  Surveying,  and  to  Building 
Stones  and  Maibles,  and  a  Glossary  of  Terms.  For  the  Use  of  Students, 
Masons,  and  Ciaftsmen.  By  William  R.  Purchase,  Building  Inspector  to 
the  Borough  of  Hove.  Fifth  Edition,  Enlarged.  Royal  8vo,  226  pp.,  with 
52  Lithographic  Plates,  comprising  over  400  Diagrams,  cloth . 

[Just  Published.   Net  7/8 

The  book  is  a  practical  treatise  on  the  subject,  the  author  himself  having  commenced  as  an 
operative  mason,  and  afterwards  acted  as  foreman  mason  on  many  large  and  important  buildings 
prior  to  the  attainment  of  his  present  position.  Most  of  the  examples  given  are  from  actual  work 
carried  out.  It  should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  specially  addressed." — Journal  0/ the  Royal  Institute  0/ British  Architects. 

MODERN    PLUMBING,    STEAM   AND   HOT  WATER 

HEATING. 

A  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawler,  Author  of  "  American  Sanitary  Plumbing,' 
&c.    With  284  Illustrations  and  Folding  Plates.    4to,  cloth      .    Net  21/- 

HEATING  BY  HOT  WATFR, 

VENTILATION  AND  HOT  WATER  SUPPLY. 

By  Walter  Jones,  M.I.M.E.  360  pages,  with  140  Illustrations.  Medium 
8vo,  cloth.  [Just  Published.    Net  6/0 

CONCRETE:  ITS  NATURE  AND  USES. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  By 
George  L.  Sutcliffe,  A.R.I. B.A.  S-cond  Edition,  thoroughly  Revised 
and  Enlatged.    -96  pp.,  with  Illustrations.    Crown  8vo,  clotb. 

[Just  Published.    Net  9/0 
"  The  author  treats  a  difficult  subject  in  a  lucid  manner.    The  manual  fills  a  long-felt  gap. 
It  is  careful  and  exhaustive  ;  equally  useful  as  a  student's  gruide  and  an  architect's  book  of 
reference."— Journal  of  the  Royal  Institute  0/ British  Architects. 


ARCHITECTURE,  BUILDING,  &c. 


27 


LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1905. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  800  closely-printed  pages, 
crown  8vo,  cloth.  [Just  Published  4/0 

"  This  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected 
with  the  building  and  engineering  professions.  "—Industries. 

"  An  excellent  book  of  reference."— A rchitect. 

"  Comprehensive,  reliable,  well  arranged,  legible,  and  well  bound.-'— British  Architect. 

MEASURING  AND  VALUING  ARTIFICERS'  WORK 

(The  Student's  Guide  to  the  Practice  of).  Containing  Directions  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W.  Tarn,  M.A.  Seventh  Edition,  Revised.  Crown  8vo,  cloth.  7/6 
"The  most  complete  treatise  on  the  principles  of  measuring  and  valuing  artificers' work.' 
—Building  Nevus* 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.  By  A.  C.  Beaton.  Ninth  Edition.  Waistcoat-pocket  size.  1/6 
"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  1  Beaton.'  "—Building  News. 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair  ?  A  Price  Book  for  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Builder.  By 
J.  D.  Simon.     Edited  by  F.  T.  W.  Miller,  A.R.I.B.A.     Fifth  Edition. 

Carefully  Revised.    Crown  8vo,  cloth  Net  3/6 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over."— Field. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  Upon  the  Basis 
of  the  Work  by  A  Bartholomew,  Revised,  Corrected,  and  greatly  added  to 
by  F.  Rogers,  Architect.    Third  Edition.    8vo,  cloth       .  .    1 5/0 

"  one  of  the  books  with  which  every  young  architect  must  be  equipped."— A  rchitect. 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 
House  in  Linear  Perspective.    Illustrated  by  43  Folding  Plates.    By  F.  O. 

Ferguson.    Third  Edition.    Svo,  boards  3/6 

"  It  is  the  most  intelligible  of  the  treatises  on  this  ill-treated  subject  that  I  have  met  with."— 
E.  INGRESS  BELL,  ESQ.,  in  the  R.I.B.A.  Journal. 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Builder  and  Young  Student  in  Architecture.   By  G.  Pyne.  4to.  7/6 

THE  MECHANICS  OF  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A.,  Author  of  "The  Science  of  Building."  &c.  Second 
Edition,  Enlarged.    Illustrated  with  125  Diagrams.    Crown  8vo,  cloth  7/6 
"  The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechanics."— Builder. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Being  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  of 
"The  Spires  and  Towers  of  England,"  &c.  61  Plates,  4to,  half-morocco,  gilt 
edges   ...    £1  11s.  6d. 

DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Leeds.    66  Plates,  4to,  cloth      .      .  21/0 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c.    By  F.  Rogers.   Crown  8vo.     .  3/6 
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SANITATION  AND  WATER  SUPPLY. 


THE  PURIFICATION  OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.  By  Sidney  Barwise,  M.D.  (Lond.),  B.Sc  , 
M.R.C.S.,  D.P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute.  Medical  Officer 
of  Health  to  the  Derbyshire  County  Council.  Second  Ed'tion,  Revi  ed  and 
Enlarged,  with  an  Appendix  on  t'->e  Analvsis  of  Sewage  and  S  wage  Effluents. 
Wi  h  numerous  Illustrations  and  Diagrams.    Demy  8vo,  c'oth. 

\Jnst  published.    ]\'et   1  0/6 
Summary   of   Contents  :  —  Se  vagr  :    its   Nature  and  Composition.  —  The 
Chemistry  of  Sewage.— Varieties  of  Sewage  and  the  Chamges  it  Undergoes.— 
Ru  hr  pollution  and  its  Effects.— The  Land  Treatment  of  SEWAGE.  — PRECIPI- 
TATION, PRECIPITANTS,  AND  TANKS.— THE  LIQUEFACTION   OF   SEWAGE. — PRINCIPLES 

involved  in  the  oxidation  of  sewage.— artificial  processes  of  purification.— 
Automatic  Distributors  and  Special  Filters.— Particulars  of  Sewerage  and 
Sewage  Disposal  Schemes  required  by  Local  Govermmot  Board.— Useful 

DATA.—  Appendix:  THE  APPARATUS  REQUIRED  FOR  SEWAGE  ANALYSIS.— STANDARD 
SOLUTIONS  USED  IN  THE   METHOD  OF  SEWAGE   ANALVSIS. —  Tables  .*    ESTIMATION  OF 

Ammonia.— Nitrogen  as  Nitrates.— incubator  Test.  Oxygen  Absorbed.— To 
Convert  Grains  per  Gallon  to  Parts  per  ioo,ooo. 

THE  HEALTH  OFFICER'S  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  Willoughby,  M.D.  (Lond.),  &c.    Second  Edition,  Revised  and  Enlarged. 

Fcap.  8vo,  leather  Net    1 0/6 

"A  mine  of  condensed  inrormation  of  a  pertinent  and  useful  kind.  The  various  subjects 
of  which  it  treats  rein'  succinctly  but  fully  and  sc  <int»fi;aly  dealt  with."—  The  Lancet. 

"  We  recommend  all  those  engaged  in  practical  sanitary  work  to  furnish  themselves  with  a 
copy  for  reference." — Sanitary  Journal. 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,  F.I.C.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  Tables. 
Large  Crown  8vo,  cloth  Net  9/0 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Districts.  By  Allan  Greenwell,  A.M.I.C.E.. 
andW.  T.  Curry,  A.M.I.C.E.    Revised  Edition.    Crown  8vo,  cloth  5/6 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.M.  Inst.  C.E.,  and  M.Inst.  M.E.  Imp.  4to,  half- 
bound  morocco.    (See  page  ii.)  Net  £6  6S. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER- WORKS. 

By  Professor  W.  K.  Burton,  A.M.  Inst.  CE.  Second  Edition,  Revised 
and  Extended.    Royal  8vo,  cloth.    (See  page  io  )  ....    £1  5s. 

WATER  ENGINEERING. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns.    By  C.  Slagg,  A.M.  Inst.  CE.  7/6 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charles  Slagg,  A.  M.  Inst.  CE.    Crown  8vo,  cloth    .      .      .  3/0 

PLUMBING. 

A  Text-book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  By  W.  P. 
Buchan.    Ninth  Edition,  Enlarged,  with  500  Illustrations.    Crown  8vo,  3/6 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.P.   Crown  8vo,  cloth  3/6 
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CARPENTRY,  TIMBER,  ETC. 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.  E. 
With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus- 
trated.   Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 

E.  Wyndham  Tarn^  M.A.,  Author  of  "The  Science  of  Building,"  &c. 
With  6 1  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In  One  large 
Vol.,  4to,  cloth  £1  5s. 

"  Ought  to  be  in  every  architect's  and  every  builder's  library." — Builder. 

"  A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is 
concerned.  The  author's  principles  are  rather  confirmed  than  impaired  by  time.  The  additior  al 
plates  are  of  great  intrinsic  value." — Building  News 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.    With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.    Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bale,  A.M.Inst.C.E.,   M.I.M.E.     Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth      .      .      .  .9/0 
"Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  information 
that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber." — Architect 
"  The  most  comprehensive  compendium  of  wood- working  machinery  we  have  seen.  The 
author  is  a  thorough  master  ©f  his  subject,"— -Building  News. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.    By  M.  Powis  Bale,  A.M.Inst.C.E.    Second  Edition,  Revised. 

Crown  8 vo,  cloth   .10/6 

"  The  administration  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw  mills  and  the  like 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its 
converted  state.   We  could  not  desire  a  more  complete  or  practical  treatise." — Builder. 

THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters  ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Peter 
Nicholson's  standard  work.    A  New  Edition,  Revised  by  Arthur  Ashpitel, 

F.  S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pyne. 
With  74  Plates,  4to,  cloth  £1  1  s. 

A  PRACTICAL  TREATISE  ON  HANDRAILING. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George 
Collings.  Revised  and  Enlarged,  to  which  is  added  A  Treatise  on 
Stair-building.    Third  Edition.    With  Plates  and  Diagrams.    i2mo,  cloth. 

2/6 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery." — Builder. 
"  Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by 
the  aid  of  plates  and  explanatory  letterpress."— Furniture  Gazette. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
George  Collings.  With  Diagrams.    Fourth  Edition,  i2mo,  cloth     .  2/6 
"  An  excellent  example  of  what  a  book  of  this  kind  should  be.   Cheap  in  price,  clear  in 
definition,  and  practical  in  the  examples  selected."— Builder. 

THE   CABINET-MAKER'S  GUIDE   TO  THE  ENTIRE 

CONSTRUCTION  OF  CABINET  WORK. 

By  Richard  Bitmead.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.    Crown  8vo,  cloth    .       .       .       .       .       .       .       .       .  2/6 
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HANDRAILING  COMPLETE  IN  EIGHT  LESSONS. 

On  the  Square-Cut  System.  By  J.  S.  Goldthorp,  Teacher  of  Geometry 
and  Building  Construction  at  the  Halifax  Mechanics'  Institute.  With  Eight 
Plates  and  over  150  Practical  Exercises.  4to,  cloth  ....  3/0 
"  Likely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  in  good  work; 

The  arrangement  of  the  book  is  excellent.    We  heartily  commend  it  to  teachers  and  students."— 

Timber  Trades  Journal. 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION* 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure- 
ment of  Deals  and  Battens,  of  all  sizes,  and  other  Ust  ful  Tables  for  the  use  of 
Timber  Merchants  and  Builders.    By  William  Dowsing.    Fourth  Edition, 

Revised  and  Corrected.    Crown  8vo,  cloth  3/0 

'•We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired." — Timber  Trades  Journal. 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &e., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade, 
Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of* 
Timber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  8vo,  cloth  .  3/6 
"This  handy  manual  contains  much  valuable  information  for  thfe  use  of  timber  merchants, 

builders,  foresters,  and  all  others  connected  With  the  growth,  sale,  and  manufacture  of  timber."— 

Journal  0/  Forestry. 

PACKING-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  frorft  si* 
inches  square  and  upwards.  By  W.  Richardson,  Timber  Broker.  Third 
Edition.    Oblong  4to,  cloth  3/(H 

"  Invaluable  labour-saving-  tables." — Ironmonger. 
"  Will  sive  much  labour  and  calculation."— Grocer. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  1  to  200  inches  in  length  by  1  to  10S  inches  in  breadth. 
For    the    use    of   Architects,   Surveyors,    Engineers,   Timber  Merchants, 
Builders,  &c.    By  James  Hawkings.    Fifth  Edition.    Fcap.,  cloth.  3/6 
"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  of 
superficial  measurement."— English  Mechanic. 

PRACTICAL  FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Curtis, 
F.S.I.,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.    Second  Edition, 

Revised.    Crown  8vo,  cloth  3/6 

Prefatory  Remarks.  —  Objects  of  Planting.  —  Choice  of  a  forester.  — 
Choice  of  Soil  and  Site.— Laying  Out  of  Land  for  Plantations.— Preparation 
of  the  Ground  for  Planting.— Drainage.— Planting.— Distances  and  Distri- 
bution of  Trees  in  plantations.— Trees  and  Ground  Game.— Attention  after 
Planting.— Thinning  of  Plantations  —  Pruning  of  Forest  Trees.— Realization. 
—Methods  of  Sale.— measurement  of  Timber.— measurement  and  Valuation 
of  Larch  plantation.— Fire  Lines.— Cost  of  Planting. 

"  Mr.  Curtis  has  in  the  course  of  a  series  of  short  pithy  chapters  afforded  much  informa- 
tion of  a  useful  and  practical  character  on  the  planting  and  subsequent  treatment  of  trees."— 
Illustrated  Carpenter  and  Builder. 

THE  ELEMENTS  OF  FORESTRY. 

Designed  to  afford  Information  concerning  the  Planting  and  Care  of  Forest 
Trees  for  Ornament  or  Profit,  with  suggestions  upon  the  Creation  and  Care  of 
Woodlands.    By  F.  B.  Hough.    Large  crown  8 vo,  cloth    .      .  -10/0 

TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S,  AND 

BUILDER'S  STANDARD  GUIDE. 

By  Richard  E.  Grandy.  Comprising : — An  Analysis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all 
intermediate  Expenses,  Freight,  Insurance,  &c,  &c  ;  together  with  copious 
Information  for  the  Retailer  and  Builder.    Third  Edition,  Revised.  i2mo, 

cloth   .......  2/0 

"  Everything  it  pretends  to  be:  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 

throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &c."— English 

Mechanic. 
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DECORATIVE  ARTS,  ETC. 


SCHOOL  OF   PAINTING   FOR  THE   IMITATION  OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P.  Van  der  Burg 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  i8£  by  12A  in 
Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates,  comprising 

154  Figures.    Fourth  Edition  cloth  JYet  £-J  5S 

List  of  Plates. 

1.  Various  Tools  Required  for  Wood  Painting.— 2,  3.  Walnut  •  Preliminary 
Stages  of  Graining  and  Finished  Specimen.  -  4.  Tools  Used  for  Marble 
Painting  and  method  of   Manipulation. -5,  6.  St.   Remi  Marble;  Earlier 

OPERATIONS   AND    FINISHED    SPECIMEN.  -  7.    METHODS   OF   SKETCHING  DIFFERENT 

Grains,  Knots,  &c— 8,  9.  Ash:  Preliminary  Stages  and  Finished  speci- 
men. — 10.  Methods  of  Sketching  Marble  Grains.  —  xi,  12.  Breche  Marble  • 
Preliminary  Stages  of  Working  and  Finished  Specimen.— 13.  Maple  •  Methods 

OF  PRODUCING  THE  DIFFERENT  GRAINS.-14,  15.  BIRD'S-EYE  MAPLE;  PRELIMINARY 
STAGES  AND  FINISHED  SPECIMEN. — 16.  METHODS  OF  SKETCHING  THE  DIFFERENT 
SPECIES  OF  WHITE  MARBLE. -17,  18.  WHITE  MARBLE;  PRELIMINARY  STAGES  OF 
PROCESS  AND  FINISHED  SPECIMEN.— 19.  MAHOGANY;  SPECIMENS  OF  VARIOUS  GRAINS 
AND  METHODS  OF  MANIPULATION. —20,  21.  MAHOGANY;  EARLIER  STAGES  AND 
FINISHED  SPECIMEN.— 22,  23,  24.  SlENNA  MARBLE;  VARIETIES  OF  GRAIN,  PRELIMINARY 
STAGES  AND  FINISHED  SPECIMEN. — 25,  26,  27.  JUNIPER  WOOD;  METHODS  OF  PRO- 
DUCING GRAIN,  &C.  ;  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN. — 28,  2Q.  VERT 

de  Mer  Marble  ;  Varieties  of  Grain  and  Methods  of  Working.  Unfinished 

AND  FINISHED  SPECIMENS. -31,  32,  33-  OAK  ;  VARIETIES  OF  GRAIN,  TOOLS  EMPLOYED 
AND  METHODS  OF  MANIPULATION,  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN  - 
34,  35,  36.  WAULSORT  MARBLE;  VARIETIES  OF  GRAIN,  UNFINISHED  AND  FINISHED 
oPECIMENS. 

"  Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
In  consulting  this  book  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  youne  men 
the  opportunity  to  study  it."— Builder.  '  5 

"A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  of  nature."— Building-  News 

,  S^,den*s  and  novices  a*e  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work."— The  Architect.  * 

ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.    Together  with  PRACTICAL 
HOUSE  DECORATION.    By  James  W.  Face!.    With  numerous  Illus 
trations.    In  One  Vol.,  strongly  half-bound      .      .       .      ,      ,  .5/0 

HOUSE    PAINTING,    GRAINING,    MARBLING,  AND 
SIGN   WRITING.  9 

A  Practical  Manual  of.    By  Ellis  A.  Davidson.    Eighth  Edition.  With 
Coloured  Plates  and  Wood  Engravings.    Crown  8vo,  cloth    .       .      .  QjQ 
MechatticmaSS  of  information  of  use  to  the  amateur  and  of  value  to  the  practical  man."— English 

THE  DECORATOR'S  ASSISTANT. 

A  Modern  Guide  for  Decorative  Artists  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions  ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Class  of 
Interior  and  Exterior  Decorations,  &c.  Eighth  Edition.  Cr.  8vo  .  \}Q 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  trist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  difficult  to  meet  with  a  work  so  full 

of  varied  information  on  the  painter  s  act." —Building  News. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.    A  Handbook  for 
Students.    By  George  H.  Blagrove,  Author  of  "  Shoring  and  its  Applica- 
tion," &c.    With  28  Illustrations.    Crown  8vo,  cloth      .      .      .       .  3/6 
builder  ^-BriMinpWt^te  wanted  handbook  should  be  in  the  hands  of  every  architect  and 

"  A  carefully  and  usefully  written  treatise ;  the  work  is  essentially  practical. ^—Scotsman. 


32       CROSBY  LOCKWOOD  &-  SOWS  CATALOGUE. 


DELAMOTTES  WORKS  ON  ILLUMINATION  AND 
ALPHABETS. 


ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDIAEVAL. 

From  the  Eighth  Century,  with  Numerals ;  including  Gothic,  Church-Text, 
large  and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination, 
Monograms,  Crosses,  &c,  for  the  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c,  &c.  Collected  and  Engraved  by  F.  Delamotte, 
and  printed  in  Colours.     New  and  Cheaper  Edition.     Royal  8vo,  oblong, 

ornamental  boards  2/6 

M  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends 

over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be 

useful." — Athenaum. 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque  ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen. 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours. 
New  and  Cheaper  Edition.  Royal  8vo,  oblong,  ornamental  boards  .  2/6 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 

plain  and  ornamental  letters  is  wonderful." — Standard. 

MEDIAEVAL   ALPHABETS    AND  INITIALS. 

By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed 
in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.  Fifth 

Edition.    Small  4to,  ornamental  boards  Net  5/0 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  In  gilding  and  all  the 
colours  of  the  prism  interwoven  and  intertwined  and  intermingled." — Sun. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners  ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in  Gold  and  Colours.     By  F.  Delamotte.    New  and  Cheaper 

Edition.    Small  4to,  ornamental  boards  6/0 

»«  The  examples  of  ancient  MSS.  reocmmended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge  as 

well  as  taste.  "—A  thtruzum. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 

Containing  Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders, 
Ecclesiastical  Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.    Collected  by  F.  Delamotte,  and  printed  in  Colours.  Oblong 

royal  8vo,  ornamental  wrapper  Net  2,0 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work." — East  Anglian  Times. 


WOOD-CARVING  FOR  AMATEURS. 

With  Hints  on  Design.    By  A  Lady.    With  10  Plates.    New  and  Cheaper 

Edition.    Crown  8vo,  in  emblematic  wrapper  2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  '  A 
Lady's '  publication."—  Athenaum. 

PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Fifth 

Edition.    Crown  8vo,  cloth  5/0 

V  Adopted  as  a  Prize  Book  at  South  Kensingfrn, 

"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the 
Careful  perusal  of  this  unpretending  but  comprehensive  treatise."—^*  /  ycurnaU 
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NATURAL  SCIENCE,  ETC 


THE  VISIBLE  UNIVERSE. 

Chapters  on  the  Origin  and  Construction  of  the  Heavens.  By  J.  E.  Gore, 
F.R.A.S.,  Author  of  "  Star  Groups,"  &c.  Illustrated  by  6  Stellar  Photographs 
and  12  Plates.    Demy  8vo,  cloth  1 6/0 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellard  Gore,  F.R.A.S., 
M.R.I.A.,  &c,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.    With  30  Maps.    Small  4to,  cloth  5/0 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gore, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.    Small  crown  8vo,  cloth. 

2/6 

THE  MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique,  Photo-micrography* 
and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Henri  van  Heurck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 
by  Wynne  E.  Baxter,  F.G.S.    Imp.  8vo,  cloth     ....  18/0 

A  MANUAL  OF  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Recent  and  Fossil  Conchological 
Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  23  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Edition  (1880).  Crown  8vo, 
cloth  7/6 

THE  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wonderful  Concord. 
By  G.  W.  V.  le  Vaux.    8vo,  cloth  5/0 

LARDNERS  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OF  MECHANICS. 

Enlarged  and  re-written  by  B.  Loewy,  F.R.A.S.   Fost  8vo,  cloth    .  6/O1 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth       .  6/0* 

HANDBOOK  OF  HEAT. 

Edited  and  re-written  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth       .  6/Q< 

HANDBOOK  OF  OPTICS. 

New  Edition.   Edited  by  T.  Olver  Harding,  B.A.   Small  8vo,  cloth  5/0* 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Geo.  C.  Foster,  B.A.    Small  8vo,  cloth  ....  5/Q 

HANDBOOK  OF  ASTRONOMY. 

Revised  and  Edited  by  Edwin  Dunkin,  F.R.A.S.    8vo,  cloth  .      .  9/6 

MUSEUM  OF  SCIENCE  AND  ART. 

With  upwards  of  1,200  Engravings.  In  Six  Double  Volumes,  £1  1  3.  Cloth, 
or  half-morocco  £1  1 1  s.  6o. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS  .  .  3/8 
ANIMAL  PHYSIOLOGY  FOR  SCHOOLS  .  .  3/6 
THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.   Fcap.  8vo,  cloth      .      .      .  2/6 
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CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.T3EEBY  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the  Balakhany- 
Saboontchy-Romany  Oil  Field.    Super-royal  8vo,  cloth. 

\Just  Published.    Net  £3  3s. 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M  A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.    Demy  8vo,  cloth  Net  9  O 

THE  GAS  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Manufacture, 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  By 
H.  O'Connor,  A.M.Inst.C.E.  Second  Edition,  Revised.  470  pp.,  crown  8vo, 
fully  Illustrated,  leather  10/6 

"The  book  contains  a  vast  amount  of  information.  The  author  goes  consecutively  through 
the  engineering  details  and  practical  methods  involved  in  each  of  the  different  processes  or  parts 
of  a  gas-works.  He  has  certainly  succeeded  in  making  a  compilation  of  hard  matters  of  fact 
absolutely  interesting  to  read."— Gas  World. 

"  The  volume  contains  a  great  quantity  of  specialised  information,  compiled,  we  believe,  from 
trustworthy  sources,  which  should  make  it  of  considerable  value  to  those  for  whom  it  is  specifically 
produced.  — Engineer. 

LIGHTING  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  E.  Gibbs,  M.E. 
With  66  Illustrations.    Crown  8vo,  cloth  7/6 

ENGINEERING  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  Students  and  others.  Comprising  Methods  of  Analysis 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.  By  H.  Joshua  Phillips, 
F.I.C.,  F.C.S.    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  420  pp., 

with  Plates  and  other  Illustrations,  cloth  Net  1  0/6 

"In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical 
men.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  permits."— Chemical  News. 

"  The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rapid  and  trust- 
worthy results  in  experienced  hands.  .  .  .  There  is  much  excellent  descriptive  matter  in  the  work, 
the  chapter  en  1  Oils  and  Lubrication  '  being  specially  noticeable  in  this  respect."— Engineer. 

NITRO-EXPLOSIVES, 

A  Practical  Treatise  concerning  the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Powders,  and 
Celluloid.   By  P.  Gerald  Sanford,  F.I. C,  Consulting  Chemist  to  the  Cotton 
Powder  Company,  Limited,  &c.   With  Illustrations.   Crown  8vo,  cloth.  9/0 
"One  of  the  very  few  text-books  in  which  can  be  found  just  what  is  wanted.    Mr.  Sanford 
goes  steadily  through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive, 
and  tells  us  of  what  it  is  composed  and  how  it  is  manufactured.   The  book  is  excellent."— Engineer. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton. 
With  Chapters  on  Explosives  in  Practical  Application.    By  M.  Eissler.  M  E. 

Second  Edition,  Enlarged.    Crown  8vo,  cloth  "5  2/6 

"  A  veritable  mine  of  inrormxti  >n  on  the  subject  of  explosives  employed  for  military,  mining 
and  bl  isting  purposes." — Army  ami  Navy  Gaz.'tte. 
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A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer.  With  232  Illustrations 
and  Working  Drawings.  Second  Edition,  with  Additions.  Super-royal  8vo, 
doth        .       .   £1  10s. 

"  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful 
conduct  of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological 
authors." — Chemical  Review, 

DANGEROUS  GOODS, 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  &c.  By  H.  Joshua 
Phillips,  F.I.C.,  F.C.S.  Crown  8vo,  374  pp.,  cloth  ....  9/0 
"  Merits  a  wide  circulation,  and  an  intelligent,  appreciative  study."— Chemical  News. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,   many  Working 
Examples,  and  Instructions  for  Making  Apparatus.    By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.    Second  Edition,  Enlarged.    Crown  8vo,  cloth    .  5/0 
The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  aid  down 
will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up '  any  of  the 
best  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents." — Chemical 
News. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater. 
Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth        .  7/8 
"There  is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparing 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— Chemical  News. 

A  HANDYBOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.    Embracing  the 
Conclusions  of  Modern  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Herbert  Edwards  Wright,  M.A.    Second  Edition,  Enlarged.  Crown 
8 vo,  530  pp.,  cloth  ...........  12/6 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinationa 
tests,  while  the  scientific  brewer  will  find  in  it  a  re'sume'  of  all  the  most  important  discoveries  of 
modern  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author 
takes  great  care  to  discriminate  between  vague  theories  and  well-established  facts  " — Brewers' 
Journal. 

"  We  have  great  pleasure  in  recommending  this  handy  book,  and  have  no  hesitation  in  saying 
that  it  is  one  of  the  best — if  not  the  best — which  has  yet  been  written  on  the  subject  of  beer-brewing 
iln  this  country ;  it  should  have  a  place  on  the  shelves  of  every  brewer's  library.  "—Brewers' 
Guardian. 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S. ,  formerly  Analytical  and  Consulting  Chemist  to  the 

G.E.  Rlwy.  Fourth  Edition.    Crown  8vo,  cloth  2/0 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment  and  wherever 
fuel  is  used  on  a  large  scale," — Chemical  News. 

THE  ARTISTS5  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c,  with  Tests  of  Purity.     By  H.  C.  Standage.  Third 

Edition.      Crown  8vo,  cloth     ...   2/6 

"  This  work  is  indeed  multum-in-parvo,  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  users." — Chemical  Review. 

A  POCKET-BOOK  OF  MENSURATION  AND  GAUGING. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Mant,  Inland  Revenue.    Second  Edition, 

Revised.    i8mo,  leather  4/0 

Should  be  in  the  hands  of  every  practical  brewer. "—Brewers'  Journal. 
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THE  CULTIVATION   AND   PREPARATION   OF  PARA 

RUBBER. 

By  W.  H.  Johnson,  F.L.S.,  F  R.H.S.,  Director  of  Agriculture,  Gold  Coast 
Colony,  West  Africa,  Commissioned  by  Government  in  1902  to  visit  Ceylon  to 
Study  the  Methods  .employed  there  in  the  Cultivation  and  Preparation  of 
Para  Rubber  and  other  Agricultural  Staples  for  Market,  with  a  view  to  Intro- 
duce them  into  West  Africa.  Demy  8vo,  cloth.  [Just  Published.  Net  7/6 
Summary  of  Contents  :  — Introductory.  —  The  Para  Rubber  Tree  (Hcvea 

brasiliensis)  AT   HOME  AND  ABROAD.— CULTIVATION  OF  THE  TREE  :— PROPAGATION.— 

site  for  Plantation.— Distance  Apart  to  plant  the  Trees.— Transplanting.— 
cultivation.— insect  pests  and  fungoid  diseases.— collecting  the  rubber: 

—  various  methods  employed  in  tapping  rubber  trees.  —  flow  of  latex 
increased  by  wounding  the  tree.— how  to  tap.— the  preparation  of  rubber 
j  rom  the  Latex  :— Latex.— Various  Methods  Employpd  in  the  Preparation  of 
rubber.— suggested  method  for  preparing  rubber.— scrap  rubber.— yield  of 
para  rubber  from  cultivated  trees  :— ceylon.— malay  peninsula.— gold  coast, 
West  Africa.— Establishment  and  Maintenance  of  a  Parairuhber  Plantation  :— 
Ceylon.— Malay  Peninsula.— Commercial  Value  of  the  Oil  in  Hevea  Seeds. 

TEA  MACHINERY  AND  TEA  FACTORIES, 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A.  J.  Wallis-Tayler,  A.  M.  Inst.  C.E.  Medium  8vo,  468  pp.  With  218 
Illustrations  Net  25  O 

summary  of  contents. 
Mechanical  Cultivation  or  Tillage  of  the  Soil.— Plucking  or  Gathering 
the  Leaf.  — Tea  Factories.— The  Dressing,  Manufacture,  or  Preparation 
of  Tea  by  Mechanical  Means.  —  Artificial  Withering  of  the  Leaf.— 
Machines  for  Rolling  or  Curling  the  Leaf.— Fermenting  Process.  — 
Machines  for  the  Automatic  Drying  or  Firing  of  the  Leaf.— Machines  for 
Non-Automatic  Drying  or  Firing  of  the  Leaf.— Drying  or  Firing  machines. 

—  Breaking  or  Cutting,  and  Sorting  Machines.— Packing  the  tea.— Means 
of  Transport  on  Tea  Plantations.— Miscellaneous  Machinery  and  Apparatus. 
—Final  Treatment  of  the  tea.— Tables  and  Memoranda. 

"The  subject  of  tea  machinery  is  now  one  of  the  first  interest  to  a  large  class  of  people,  to 
whom  we  strongly  commend  the  volume." — Chamber  0/ Commerce  Journal. 

"  Contains  a  very  full  account  of  the  machinery  necessary  for  the  proper  outfit  of  a  factory,  and 
also  a  description  of  the  processes  best  carried  out  by  this  machinery."— Journal  Society  of  Arts. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.    By  Friedrich  Kick,  Imperial 
Regierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.    Translated  from  the  Second  Enlarged  and 
Revised  Edition.    By  H.  H.  P.  Powles,  A.M. Inst. C.E.     400  pp.,  with 
28  Folding  Plates,  and  167  Woodcuts.    Royal  8vo,  cloth        .       .    £1  5s. 
"This  invaluable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  milling.  .  .  . 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a 
successful  career  ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.    In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  In  good, 
sound  English,  which  has  little,  if  any,  trace  of  the  German  Idiom." — The  Miller. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British'millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— Millers'  Gazette. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manufacturers. 
By  John  Lister,  Technical  Instructor,  Pendleton.    8vo,  cloth     .       .  7/6 

"  A  distinct  advance  in  the  literature  of  cotton  manufacture."—  Machinery. 

*'  It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired."— Glasgow  Herald. 

MODERN  CYCLES. 

A  Practical  Handbook  on  their  Construction  and  Repair.  By  A.  J.  Wallis- 
Tayler,  A.  M.  Inst.  C.  E.,  Author  of  11  Refrigerating  Machinery,"  &c.  With 

upwards  of  300  Illustrations.    Crown  8vo,  cloth  10/ 6 

"The  book  will  prove  a  valuable  guide  for  all  those  who  aspire  to  the  manufacture  or  repair 
of  their  own  machines." — The  Field. 

"  A  very  useful  book,  which  is  quite  entitled  to  rank  as  a  standard  work  for  students  of  cycle 
construction. " —  Wheeling: 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tayler,  A.M.Inst.  C.E.    Crown  8vo,  cloth    .      .  4/6 
"A  work  that  an  engineer,  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations."— Engineering. 
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PRACTICAL  TANNING. 

A  Handbook  of  Modern  Procesess,  Receipts,  and  Suggestions  for  the  Treatment 
of  Hides,  Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.    472  pages.    8ro,  cloth.        {Just  Published.    Nei  25/0 

THE  ART  OF  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.    By  Alexander  Watt.    Fourth  Edition.    Crown  8vo.  cloth. 

9/0 

"  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently 
valuable  production,  which  redounds  to  the  credit  of  both  author  and  publishers."— -Chemical 
Review. 

THE  ART  OF  SOAP-MAKING. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.  Crown  8vo,  cloth  .  7/6 
"A  thoroughly  practical  treatise.  We  congratulate  the  author  on  the  success  of  his  endeavour 
■to  fill  a  void  in  English  technical  literature." — Nature. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  News. 

PRACTICAL  PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.  With 
Tables,  Calculations,  &c.    By  G.  Clapperton,  Paper-Maker.    With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth      .  .6/0 
•*  The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c,  whilst 
Jals  manual  will  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  paper- 
■jnakers  and  mill  owners.   The  illustrations  form  an  excellent  feature."—  The  World's  Paper  Trade 
Review. 

THE  ART  OF  PAPER-MAKING. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.    Including  the  Manufacture  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt.    With  Illustrations.    Crown  Svo,  cloth  .       .  7/6 
'*  It  may  be  regarded  as  the  standard  work  on  the  subject.    The  book  is  full  of  valuable 
^information.    The  1  Art  of  Paper-Making '  is  in  every  respect  a  model  of  a  text-book,  either  for  a 
technical  class,  or  for  the  private  student." — Paper  and  Printing  Trades  Journal, 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richard 
Parkinson,  late  of  the  Manchester  Technical  School.  Demy  8vo,  cloth  3/6 

CEMENTS,  PASTES,  GLUES,  AND  GUMS- 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Agglutl- 
nants  required  in  the  Building,  Metal- Working,  Wood-Working,  and  Leather- 
Working  Trades,  and  for  Workshop  and  Office  Use.  With  upwards  of  900 
Recipes.  By  H.  C.  Standage.  Third  Edition.  Crown  8vo,  cloth  .  2/0 
"We  have  pleasure  in  speaking  favourably  of  this  volume.  So  far  as  we  have  had 
■experience,  which  is  not  inconsiderable,  this  manual  is  trustworthy."— A thenceunt, 

THE  CABINET=MAKER'S  GUIDE 

TO  THE  ENTIRE  CONSTRUCTION  OF  CABINET  WORK. 

Including  Veneering,  Marquetrie,  Buhlwork,  Mosaic,  Inlaying,  &c.  .  By 
Richard  Bitmead.  Illustrated  with  Plans,  Sections,  and  Working  Drawings. 
Small  crown  8vo,  cloth  2/6 

FRENCH  POLISHING  AND  ENAMELLING. 

A  Practical  Work  of  Instruction.  Including  Numerous  Recipes  for  making 
Polishes,  Varnishes,  Glaze-Lacquers,  Revivers,  &c.  By  Richard  Bitmead, 
Author  Of  "  The  Cabinet- Maker's  Guide."    Small  crown  8vo,  cloth      .  1/6 
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WATCH  REPAIRING,  CLEANING,  AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreign  Watches,  Repeaters,  Chronographs,  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.    With  over  200  Illustrations.    Crown  8vo,  cloth. 

[Just  Published.    Net  4/6 

MODERN  HOROLOGY,  IN  THEORY  AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julien  Tripplin,  F.R.A.S.,  Besar.con  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.    Super-royal  8vo,  £2  2s.  cloth  ;  half-calf  .       .       .    £2  10s, 
"  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunier's  for  clearness  and  completeness.    It  is  alike  good  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  workman." — Horological  Journal. 

u  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  Engiish  brethren 
—in  fact,  the  Book  of  Books  is  M.  Saunier's  *  Treatise.'"—  IValchma&er,  Jeweller ;  and  Silversmith. 

THE  WATCH  ADJUSTER'S  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperatures. 
By  C.  E.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .       .       .  16/0 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claudius 
Saunier,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward  Rigg, 
M.A.,  Assayer  in  the  Royal  Mint.  Third  Edition.  Cr.  8vo,  cloth.  .  Q/O 
11  Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  Is  clear 
and  concise.    It  is  an  admirable  guide  for  the  young  watchmaker." — Engineering. 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.    1/6  boards;  or  cloth,  gilt       .  2/6 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language." — Industries. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
devices  of  the  ancient  or  modern  horologer." — Saturday  Review.  , 

ELECTRO  PLATING &ELECTRO  REFININGOFMETALS. 

Being  a  new  edition  of  Alexander  Watt's  "  Electro-Deposition."  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.    Large  Crown  8vo,  cloth.    .    Net  1  2/6 
"Altogether  the  work  can  be  highly  recommended  to  every  electro-plater,  and  is  of  un- 
doubted interest  to  every  electro-metallurgist."— Electrical  Review. 

"Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical 
^escrintions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshop,"— 
Engineer. 

ELECTROMETALLURGY. 

Practically  Treated."^  By  Alexander  Watt.    Tenth  Edition,  including  the 

most  recent  Processes.    i2mo,  cloth  S/6 

"  From  this  book  both  amateur  and  artisan  may  iearn  everything  necessary  for  the  successful 
prosecution  of  electroplating."— Iron. 

JEWELLER'S  ASSISTANT  IN  WORKING    IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years'  Workshop  Practice.    By  George  E.  Gee.    Crown  8vo.  7/S 
"  This  manual  of  technical  education  Is  apparently  destined  to  be  a  valuable  auxiliary  to  a 
handicraft  which  is  certainly  capable  of  great  Improvement." — The  Times. 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c,  &c.    By  J.  W.  Urquhart,  C.E.  Fourth 

Edition,  Revised.    Crown  8vo,  cloth;  6/0 

"  An  excellent  practical  manual." — Engineering. 

"  An  excellent  work,  giving  the  newest  information."—  Horological  Journal. 
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ELECTROTYPING. 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.  By  J.  W.  Urquhart,  C.E.  Crown  8vo, 
cloth  5/0 

The  book  Is  thoroughly  practical ;  the  reader  is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 
processes,  up  to  the  final  preparation  of  the  work." — Art  Journal* 

GOLDSMITH'S  HANDBOOK. 

By  George  E.  Gee,  Jeweller,  &c.    Fifth  Edition.    i2mo,  cloth  .  3/0 

"A  good,  sound  educator. "—Horological  Journal, 

SILVERSMITH'S  HANDBOOK. 

By  George  E.  Gee,  Jeweller,  &c.  Third  Edition,  with  numerous  Illustra- 
tions.   x2mo,  cloth      ■      .      .      >      ......  3/0 

"  The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  workers  In  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  \X.."— English  Mechanic. 

***  The  above  two  works  together,  strongly  half-bound,  price  7s. 

SHEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Horner, 
A.M.I.M.E.    Crown  8vo,  254  pp.,  with  430  Illustrations,  cloth     .      .  7/6 

SAVOURIES  AND  SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  M'ss  M.  L.  Allen  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Twenty-ninth  Edition.  F'cap 
8vo,  sewed  •    1  /O 

BREAKFAST  DISHES 

For  Every  Morning  of  Three  Mor .ths.  By  Miss  Allen  (Mrs  A.  Macaire), 
Author  of  "Savouries  and  Sweets,"  &c.  Twenty-second  Edition.  F'cap  8vo, 
sewed   .      ,      •      .  1/Q 

BREAD  &   BISCUIT   BAKER'S  &  SUGAR=BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modern  Recipes.    With  Remarks  on  the  Art  of 
Bread-making.  By  Robert  Wells.  Third  Edition.  Crown  8vo,  cleth  .    1  /0 
"  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker."— -Saturday  Review. 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.    By  R.  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker  "  .       .1  /Q 
"  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book."— Baker's  Times. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks ;  including  a  variety  of 
Modern  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.    With  129 
Original  Designs.  By  Robert  Wells.    Crown  8vo,  cloth     .      .       .  5/0 
"A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner, 
The  illustrative  designs  are  worth  treble  the  amount  charged  for  the  work."— Baker  s  Times. 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
remarks  on  the  Ingredients  Used  in  their  Manufacture.    By  R.  Wells.    1  Q 
"  The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 
w orking. ' '—North  British  Daily  Mail. 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O Conor  Si.oane,  A.M., 
Ph.D.    With  numerous  Illustrations.    Square  8vo,  cloth.      ,      .      ,  5/0 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Editor  of  "  Work  "  (New  Series),  Author  of  "  Lathe  Work,"  11  Milling  Machines,"  &c. 
Crown  8vo,  144  pp.,  price  is.  each. 


These  Handybooks  have  been  written  to  supply  information  for  Workmen, 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  of 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge  of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terms  are  used  ;  workshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes.   

METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.  With  100  Illustrations. 

1/0 

"The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays 
thorough  knowledge  of  the  subject." — Scotstnan. 

WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  100  Illustrations. 

1/0 

•*  We  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have 
hitherto  sought  in  vain  for  a  manual  of  this  special  industry.'  —Mechanical  World. 

WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations  1/0 

11  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  Study 
this  Inexpensive  work." — Clerkenivell  Chronicle. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.  With 

upwards  of  100  Illustrations  1/0 

"A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— Knowledge. 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft  Processes.    With  Useful  Notes  and  Miscellaneous 

Memoranda.    Comprising  about  200  Subjects  1/0 

"A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop;  and  it  should 
certainly  find  a  place  in  all  technical  schools." — Saturday  Review. 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.  With 

upwards  of  100  Illustrations.   .       •  .1/0 

"Mr.  Hasluck  has  produced  a  very  good  little  book."—  Builder. 

CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations  1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  trade."— Coventry  Standard. 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  Processes 
employed  in  Cabinet  Work.    With  upwards  of  100  Illustrations      .  .1/0 
"  Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabinet-work." — Saturday  Re-view. 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 
Employed  in  Woodworking.    With  104  Illustrations  1/0 

**  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  It,  and 
how  to  convey  his  knowledge  to  others." — Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions." — Engineer. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marvels  of  what 
can  be  produced  at  a  popular  price." — Schoolmaster. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— Daily  Chronic  It, 

11  Concise,  clear,  and  practical."— Saturday  Review. 
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LESSONS  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  James  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.   Fourth  Edition.    Crown  8vo,  cloth    .  3/6 
"  The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial 
■education  by  the  opportune  production  of  this  volume.  .  .  .  The  work  is  peculiarly  acceptable  to 
English  readers  and  an  admirable  addition  to  existing  class  books.    In  a  phrase,  we  think  the  work 
attains  its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which 
the  commercial  man  interested  therein  should  be  familiar." — Chamber  of  Commerce  Journal. 

"An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
fin  fact,  the  information  it  contains  on  matters  of  business  should  be  impressed  on  every  one."— 
Counting  House,  , 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Correspondence  in  Five  Languages — English, 
French,  German,  Italian,  and  Spanish.     By  Conrad  E.  Baker.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth  .       .      .  4/6 
"  Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged,  They 
consist  not  of  entire  specimen  letters,  but — what  are  far  more  useful — short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  forms." — Athenceum. 

"  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 
^reliable.   The  book  is  a  thoroughly  good  one."— Schoolmastei . 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details ;  the  Income  Tax  Acts ;  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  &c, 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.    Fifth  Edition,  Revised  and  Enlarged. 

Demy  8vo,  cloth  7/6 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 

■of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 

agree  with." — Accountants'  Journal. 

"  Characterised  by  extreme  thoroughness.   There  are  few  owners  of  factories  who  would  net 

derive  great  benefit  from  the  perusal  of  this  most  admirable  work." — Local  Government  Chronicle. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  „  containing  a  proposed  English  System.  By  Lowis  D  A. 
Jackson,  A.  M.  Inst.  C.  E.,  Author  of  "Aid  to  Survey  Practice,"  &c.  Large 

crown  8vo,  cloth  12/6 

"We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and 
-(measures." — Nature. 

A  SERIES  OF  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 
of  the  Metric  System  at  present  in  Use  on  the  Continent.  By  C.  H.  Dowling, 

C.E.    8 vo,  cloth  10/8 

M  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
system  into  the  other."— Athenceum. 

IRON  AND  METAL  TRADES'  COMPANION, 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in  leather, 
396  PP  9/0 

"  A  most  useful  set  of  tables,  nothing  like  them  before  existed." — Building  News. 

"  Although  specially  adapted  to  the  Iron  and  metal  trades,  the  tables  will  be  found  useful  in 
<«very  other  business  in  which  merchandise  is  bought  and  sold  by  weight."— Rail-way  News. 
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NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR* 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  Glance  the 
Value  at  422  Different  Rates,  ranging  from  T^gth  of  a  Penny  to  20s.  each,  or  per 
cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  1  to  470. 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  1  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  1  to  1,000  tons.  By  William  Chadwick, 
Public  Accountant.  Fouith  Edition,  Revised  and  Improved.  8vo,  strongly 
hound  -J  3/Q 

"It  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictionary.  For 
making  up  accounts  or  estimates  the  book  must  prove  invaluable  to  all  who  have  any  considerable- 
quantity  of  calculations  involving  price  and  measure  in  any  combination  to  do." — Engineer. 

"  The  most  perfect  work  of  the  kind  yet  prepared.  "—Glasgow  Herald. 


THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  1  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  id.  to  168s.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Henry  Harben,  Accountant.  Sixth  Edition,  carefully 
Corrected.    Royal  8vo,  strongly  half-bound.  {Just  Published.    £1  5s,. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generally." — Ironmonger. 

"  Of  priceless  value  to  business  men.  It  is  a  necessary  book  in  all  mercantile  offices."—- 
Sheffield  Independent. 


THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacturers, 
Ironmongers,  and  Others,  by  which  may  be  ascertained  the  Exact  Profit  arising, 
from  any  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Profit  after 
allowing  one  or  more  Discounts  :  to  which  are  added  Tables  of  Profit  or 
Advance  from  \\  to  90  per  cent.,  Tables  of  Discount  from  x\  to  o8f  per  cent., 
and  Tables  of  Commission,  &c,  from  |  to  10  per  cent.  By  Henry  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  half-bound  .  £1  5s.. 
"  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 

means  saving  of  money.    The  work  must  prove  of  great  value  to  merchants,  manufacturers,  and* 

general  traders.  "—British  Trade  Journal, 

TABLES  OF  WAGES* 

At  54,  52,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  55s.  per  week.  By  Thos.  Garbutt, 
Accountant.    Square  crown  8vo,  half-bound  6/0* 


IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
1  foot  by  6  in.  by  £  in.  to  10  feet  by  5  feet  by  1  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  1  inch  in  thickness.  By  H.  Burlinson 
and  W.  H.  Simpson.    410,  half-bound  £1  5  s. 


ORIENTAL  MANUALS  AND  TEXT-BOOKS, 

Notice,  Messrs.  Crosby  Lockwood  &  Son  will  forward  on  application  a  New 
and  Revised  List  of  Text-books  and  Manuals  for  Students  in  Oriental 
Languages,  many  of  which  are  used  as  Text-books  for  the  Examinations  for  the 
Indian  Civil  Service  and  the  Indian  Staff  Corps;  also  as  Class  Books  in 
Colleges  and  Schools  in  India, 
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AGRICULTURE,  FARMING, 
GARDENING,  ETC. 

THE   COMPLETE   GRAZIER   AND    FARMER'S  AND 

CATTLE  BREEDER'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  by  William  Youatt. 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
up  to  Present  Requirements,  by  William  Fream,  LL.D.,  Assistant  Com- 
missioner, Royal  Commission  on  Agriculture,  Author  of  "  The  Elements  of 
Agriculture,"  &c.    Royal  8vo,  1,100  pp.,  450  Illustrations,  handsomely  bound. 

£1  11s.  6d. 


Book  I.  On  the  Varieties,  Breeding, 
Rearing,  Fattening  and  Manage- 
ment  of  Cattle. 

Book  II.  On  the  Economy  and  Man- 
agement of  the  Dairy. 

Book  III.  on  the  breeding,  Rearing, 
and  Management  of  Horses. 

Book  IV.  On  the  breeding,  Rearing, 
and  Fattening  of  Sheep. 

Book  V.  On  the  breeding,  Rearing, 
and  Fattening  of  Swine. 

Book  VI.  On  the  Diseases  of  Live 
Stock. 


Book  VII.  On  the  breeding,  rearing, 
and  Management  of  Poultry. 

Book  viii.  On  Farm  Offices  and 
Implements  of  husbandry. 

Book  IX.  On  the  culture  and  Man- 
agement of  Grass  Lands. 

Book  X.  on  the  cultivation  and 
Application  of  Grasses,  Pulse  and 
Roots. 

Book  XI.  On  Manures  and  their 
Application  to  Grass  Land  and 
Crops. 

Book  xii.  Monthly  Calendars  of 
Farmwork. 


"  Dr.  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe 
that  it  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence.  .  .  . 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull, 
New  Year's  Gift,  bred  by  the  Queen,  is  a  work  of  art." — The  Times. 

"The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 
of  reference  in  the  English  language  on  the  subject  with  which  it  deals." — Athznceum.  _ 

"  The  most  comprehensive  guide  to  modern  farm  practice  that  exists  in  the  English  language 
to-day.  .  .  .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner." — Mark  Lane  Express, 

"  In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
unique  position  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agricul- 
tural library  of  itself." — North  British  Agriculturist. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN. 

By  Robert  Wallace,  F.L.S.,  F.R.S.E.,  &c,  Professor  of  Agriculture  and 
Rural  Economy  in  the  University  of  Edinburgh.  Third  Edition,  thoroughly 
Revised  and  considerably  Enlarged.  With  over  120  Phototypes  of  Prize 
Stock.  Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.  .  .  1  2/6 
"  A  really  complete  work  on  the  history,  breeds,  and  management  of  the  farm  stock  of  Great 

Britain,  and  one  which  is  likely  to  find  its  way  to  the  shelves  of  every  country  gentleman's  library." 

■—The  Times. 

"  The  '  Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of,  and  its  issue  not  the 
least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— Scottish  Farmer. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  FARMERS  AND  FARM  STUDENTS. 
By  Primrose  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  "  Elements  of  Farming."  Sixth  Edition,  Re-written,  Revised, 
and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges      .       •  6/0 
Contents  :— Surveying  and  Levelling.— Weights  and  measures.— Machinery 
and  Buildings.  —  Labour.  —  Operations.  —  Draining.  —  Embanking.  —  Geological 
Memoranda.  —  Soils.  —  Manures.  —  Cropping.  —  Crops.— Rotations.  —  Weeds.  — 
Feeding.— Dairying.— Live  Stock.— Horses.—  Cattle.  —  Sheep.— Pigs.— Poultry.— 
Forestry.— Horticulture.— Miscellaneous. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  multum-in-parvo 
manual  of  all  subjects  connected  with  the  farm."— North  British  Agriculturist. 

"This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  kinds  oi 
agricultural  subjects.    Something  of  the  kind  has  long  been  wanted."— M a rk  Lane  Express. 

"The  amount  of  information  it  contains  is  most  surprising;  the  arrangement  of  the  matter  is 
so  methodical— although  so  compressed— as  to  be  Intelligible  to  everyone  who  takes  a  glance  through 
Its  pages.    They  teem  with  information."— Far?n  and  Home. 

THE  ELEMENTS  OF  AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Farming.  By  Primrose  McConnell.  Author  of 
"Note-Book  of  Agricultural  Facts  and  Figures,"  &c.    Royal  8vo,  cloth. 

Net  21/0 

"  On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with,  and  we  have  nothing  but  unstinted  praise  to  offer.  '— Field. 
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BRITISH  DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy-Farm.  For  the  Use  of  Technical 
Instruction  Classes,  Students  in  Agricultural  Colleges  and  the  Working  Dairy- 
Farmer.  By  Prof.  J.  P.  Sheldon.  With  Illustrations.  Second  Edition, 
Revised.   Crown  8vo,  cloth  2/6 

"  Confidently  recommended  as  a  useful  text-book  on  dairy  farming."— Agricultural  Gazette. 

"  Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced."— North 
■British  Agriculturist. 

"  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject."—  The  Times. 

MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  John  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.    With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

76 

M  An  exhaustive  and  masterly  production.  It  may  be  cordially  recommended  to  all  students 
*nd  practitioners  of  dairy  science.  —North  British  Agriculturist. 

"  We  recommend  this  very  comprehensive  and  carefully-written  book  to  dairy-farmers  and 
students  of  dairying.  It  is  a  distinct  acquisition  to  the  library  of  the  agriculturist." — Agricultural 
Gazette. 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modern  Farm 
Practice  for  Small  Farmers.    By  R.  Scott  Burn,  Author  of  "  Outlines  of 

Modern  Farming,"  &c.    Crown  8vo,  cloth  6/0 

"  This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure,  and  accept  as  a  guide." — Field. 

OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops — Farming  and  Farming 
Economy — Cattle,  Sheep,  and  Horses — Management  of  Dairy,  Pigs,  and 
Poultry — Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One 
Vol.,  1,250  pp.,  half-bound,  profusely  Illustrated   .....  12/0 

FARM  ENGINEERING,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  ;  Irrigation  and  Water  Supply  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings  ;  Barn  Implements  and  Machines  ; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
John  Scott.    In  One  Vol.,  1,150  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

"  Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students." — Mark  Lane  Express. 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).     Second  Edition,  Revised,  with  Additions. 

i8mo,  cloth  2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge." — Educational  Times. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 

AGRICULTURAL  STUDENTS,  SURVEYORS,  LAND  AGENTS, 
AUCTIONEERS,  &c. 

With  a  New  System  of  Farm  Book-keeping.  By  Sidney  Francis.  Fifth 
Edition.  272  pp.,  waistcoat-pocket  size,  limp  leather  .  .  .  .1/6 
"  Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match-box,  it  contains  amass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
the  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  it."— Bell's  IVeekly 
Messenger. 

THE    ROTHAMSTED    EXPERIMENTS    AND  THEIR 

PRACTICAL  LESSONS  FOR  FARMERS. 
Part  I.  Stock.    Part  II.  Crops.    By  C.  J.  R.  Tipper.    Crown  8vo,  cloth. 

3/6 

"  We  have  no  doubt  that  the  book  will  be  welcomed  by  a  large  class  of  farmers  and  others 
interested  In  agriculture."— Standard. 
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FERTILISERS  AND  FEEDING  STUFFS. 

Their  Properties  and  Uses.  A  Handbook  for  the  Practical  Farmer.  By 
Bernard  Dyer,  D.Sc.  (Lond.).  With  the  Text  of  the  Fertilisers  and  Feeding 
Stuffs  Act  of  1893,  The  Regulations  and  Forms  of  the  Board  of  Agriculture, 
and  Notes  on  the  Act  by  A.  J.  David,  B.A.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  cloth.  [Just  Published.    1  jQ 

"This  little  book  is  precisely  what  it  professes  to  be— 4 A  Handbook  for  the  Practical 
Farmer.'  Dr.  Dyer  has  done  farmers  good  service  in  placing  at  their  disposal  so  much  useful 
Information  in  so  intelligible  a  form." — The  Times. 

BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  8vo,  wrapper  •  I/O 

BOOK-KEEPING  for  FARMERS  and  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant. 
Fourth  Edition.  Crown  8vo,  cloth.  [Just  Published.  2/6 

"  The  volume  is  a  capital  study  of  a  most  important  subject."— Agricultural  Gazette. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c,  &c. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  oi  the 
Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.   Second  Edition. 

Folio,  half-bound  Net  7/0 

"  Contains  every  requisite  for  keeping  farm  accounts  readily  and  accurately."— Agriculture, 

THE  FORCING  GARDEN. 

Or,  _  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  Glasshouses,  Pits  and  Frames.    With  Illustrations. 

By  Samuel  Wood.   Crown  8vo,  cloth  3/g 

"  A  good  book,  containing  a  great  deal  of  valuable  teaching."— Gardeners'  Magazine. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,  and  numerous  Illustrations.  Crown 
8vo,  cloth  '  3/6 

"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical 
directions  are  excellent."— Athenceum. 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Make  One  Acre  of  Land  produce  ^620  a  year,  by  the  Cultivation 
of  Fruits  and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  ^176  per  annum  clear  Profit.  By  Samuel  Wood,  Author  of 
"Good  Gardening," &c.    Sixth  Edition,  Crown  8vo,  sewed    .      .  -1/0 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  8vo,  cloth      .  3/6 

POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crown  8vo    .       .       .  2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "Gardening  Illustrated.1    Crown  8vo,  cloth. 

3/6 
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AUCTIONEERING,   VALUING,  LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'S    TABLES    FOR    PURCHASING  ESTATES 

AND  FOR  THE  VALUATION  OF  PROPERTIES, 

Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c,  &c.  27th  Edition,  Revised  and  Extended  by  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.    360  pp.,  Demy  8vo,  cloth. 

[Just  Published.    Net  8/0 
"  Those  Interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 
cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c,  will  find  the  present  edition  of 
eminent  service."— Engineering. 

**  This  valuable  book  has  been  considerably  enlarged  and  improved  by  the  labours  of 
Mr.  Schooling,  and  is  now  very  complete  indeed." — Economist. 

**  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  professional  men  in 
saving  them  many  long  and  tedious  calculations."— Investors'  Review. 

THE  APPRAISER,  AUCTIONEER,   BROKER,  HOUSE 

AND  ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally  ;  with  Prices  for  Inventories,  &c.  By 
ohn  Wheeler,  Valuer,  &c.    Sixth  Edition,  Re-written  and  greatly  Extended 

y  C.  Norris.    Royal  321110,  cloth  6/0 

11  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  &c.  "Standard. 

»« Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
Inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects."— Builder. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.    By  Robert 
Squibbs,  Auctioneer.    Second  Edition,  Revised.    Demy  8vo,  cloth    .  12/6 
"The  work  is  one  of  general  excellent  character,  and  gives  much  information  In  a  com' 
pendious  and  satisfactory  form."— Builder.  > 

"  May  be  recommended  as  giving  a  great  deal  of  Information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  form. "— Law  Journal. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  including 
Example  of  a  Detailed  Report  on  Management  and  Realisation;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lands  Clauses  Acts.  &c.  By  Tom  Bright,  Agricul- 
tural Valuer.  Author  of  "The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883— 1900.    Crown  8vo,  cloth      .  Net  6/0 

•«  Full  of  tables  and  examples  In  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents  and  weights  of  timber,  and  farm  produce  of  all  kinds."— Agricultural  Gazette. 

•«  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— Fa rmer. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright.  Crown 
8vo,  cloth  3/6 

"To  valuers,  foresters  and  agents  it  will  be  a  welcome  aid."— North  British  Agriculturist. 

"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— Kent  Herald. 
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AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

HANDBOOK. 

Of  Practical  Rules,  Formulae,  Tables,  and  Data.  A  Comprehensive  Manual 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  By 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  "  The  Agri- 
cultural Valuer's  Assistant,"  &c.    With  Illustrations.     Fcap.  8vo,  Leather. 

Net  7/6 

**  An  exceedingly  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  reference."— Live  Stock  Journal. 

"  It  is  a  singularly  compact  and  well  informed  compendium  of  the  facts  and  figures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed." — Scotsman. 

THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan,  for  Calculating  the  Value  of 
Estates.    With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to   Statute   Measure,  &c.    By  R.   Hudson,   C.E.     New  Edition. 
Royal  32mo,  leather,  elastic  band      .       .       .  .       .       .  4/0 

"  Of  incalculable  value  to  the  country  gentleman  and  professional  man.  "—Farmers'  Journal. 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulae,  Tables,  and  Memoranda  required  in  any  Computation 
relating  to  the  Permanent  Improvement  of  Landed  Property.  By  John  Ewart, 
Surveyor.    Second  Edition,  Revised.    Royal  321110,  oblong,  leather      .  4/0 
"  A  compendious  and  handy  littl  volume." — Spectator. 

THE   LAND  VALUER'S   COMPLETE  POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.     Leather  .       .       .       •  7/6 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  including  Dilapidations  and  Fixtures  : 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
right  use  of  Decorative  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Seventh  Edition.,    i2mo,  cloth  [Just  Published.  6/0 

"The  advice  is  thoroughly  practical." — Laiv  Journal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  guide."— Decoration. 
"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine  Art. 
A  well-written  and  thoughtful  work."— Land  Agents'  Record. 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mackie,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .  2/0 
"  This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advantage." — Journalist. 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L.  L.  Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  M.I. C.E. 
8vo,  cloth   ^1  5s. 

PATENTS  for  INVENTIONS,  MOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M, 
Hardingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  cloth      .  .1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jeans.  Crown  8vo,  200  pp., 
cloth         .   2/6 
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EVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Barrister.  Forty-second  Edition, 
carefylly  Revised,  and  comprising  New  Acts  of  Parliament,  including  the 

Prevention  of  Cruelty  to  Children  Act,  1904  ;  Weights  and  Measures  Act,  1904  ; 
Licensing  Act,  1904;  Shop  Hours  Act,  1904;  as  well  as  the  Motor  Car  Act, 
1903;  Employment  of  Children  Act,  1903;  Poor  Prisoners1  Defence  Act, 
1903,  &c.  Judicial  Decisions  pronounced  durng  the  year  have  also  been  duly 
noted.    Crown  8vo,  800  pp.,  strongly  bound  in  cloth.    [Just  Published.  6/S 

%*  This  Standard  Work  0/  Reference  forms  a  Complete  Epitome  of  the 
Laws  of  England,  comprising  (amongst  other  matter) ; 


THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS 


landlord  and  tenant 
Vendors  and  purchasers 
Leases  and  mortgages 
Joint-stock  Companies 
Masters,  Servants  and  Workmen- 
Contracts  AND  AGREEMENTS 
Money-lending,  Suretiship 
Partnership,  Shipping  Law 
Sale  and  purchase  of  Goods 
Cheques,  Bills  and  Notes 
Bills  of  Sale,  Bankruptcy 
Life,  Fire,  and  Marine  insurance 
Libel  and  Slander 


Criminal  Law 
Parliamentary  Elections 
County  Councils 
District  and  Parish  Councils 
Borough  Corporations 
Trustees  and  executors 
Clergy  and  Churchwardens 
Copyright,  Patents,  Trade  Marks 
Husband  and  Wife,  Divorce 
Infancy,  Custody  of  Children 
Public  Health  and  Nuisances 
Game  Laws,  Gaming,  Innkeepers 
Taxes  and  Death  Duties 


forms  of  Wills,  agreements,  Notices,  &c. 


The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  themselves  to  the 
law  ;  and  thereby  to  dispense,  as  far  as  possible,  with  professional  assistance  and  advice.  There 
are  many  wrongs  and  grievances  which  persons  submit  to  from  time  to  time  through  not 
knowing  hew  or  where  to  apply  for  redress  ;  and  many  persons  have  as  great  a  dread  of  a 
lawyer's  office  as  of  a  lions  den.  With  this  book  at  hand  it  is  believed  that  many  a  SlX-AND- 
ElGHTPENCE  may  be  saved  ;  many  a  wrong  redressed  ;  many  a  right  reclaimed  ;  many  a  law 
suit  avoided  ;  and  nuxny  an  evil  abated.  The  work  has  established  itself  as  the  standard  legal 
adviser  of  all  classes,  and  has  also  made  a  reputation  for  itself  as  a  useful  book  of  reference  for 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  work 
embodying  recent  decisions  and  enactments. 

%*  Opinions  of  the  Press. 

"  The  amount  of  information  given  in  the  volume  is  simply  wonderful.  The  continued- 
popularity  of  the  work  shows  that  it  fulfils  a  useful  purpose." — Law  journal. 

"  As  a  book  of  reference  this  volume  is  without  a  rival."— Pall  Mall  Gazette. 

"  No  Englishman  ought  to  be  without  this  book." — Engineer. 

"  Ought  to  be  in  every  business  establishment  and  in  all  libraries."— Sheffield  Post. 

"  The  *  Concise  Dictionary  '  adds  considerably  to  its  value." — Westminster  Gazette. 

"  It  Is  a  complete  code  of  English  Law  written  in  plain  language,  which  all  can  understand. 
.  .  .  Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bills."— 
Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care."— Law  Magazine. 
"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  law."— Globe. 
"Admirably  done,  admirably  arranged,  and  admirably  cheap."— Leeds  Mercury. 
"  A  concise,  cheap,  and  complete  epitome  of  the  English  law.   So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand." — Figaro. 

*'  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one. "Spectator. 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  for  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F.  Uttley, 
Solicitor.    Fcap.  8vo,  cloth  3/8 
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"  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more 
popular  with  or  more  useful  to  young  engineers  and  others  than  the 
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2     weale's  scientific  and  technical  series. 


CIVIL  ENGINEERING  &  SURVEYING. 
Civil  Engineering. 

By  Henry  Law,  M.Inst.C.E.  Including  a  Treatise  on  Hydraulic 
Engineering  by  G.  R.  Burnell,  M.I.C.E.  Seventh  Edition,  revised, 
with  Large  Additions  by  D.  K.  Clark,  M.I.C.E.      .       .       .  6/6 

Pioneer  Engineering: 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countries.  By  Edward  Dobson,  M.Inst.C.E. 
With  numerous  Plato*.    Second  Edition  4/6 

Iron  Bridges  of  Moderate  Span: 

Their  Construction  and  Erection.  By  Hamilton  W.  Pkndred.  With  40 
Illustrations  2/0 

Iron  and  Steel  Bridges  and  Viaducts. 

A  Practical  Treatise  upon  their  Construction  for  the  use  of  Engineers, 
Draughtsmen,  and  Students.  By  Francis  Campin,  C.E.  With  Illus.  3/6 

Constructional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Campin,  C.E  3/6 

Tubular  and  other  Iron  Girder  Bridges. 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G.  Drysdale 
Dempsey,  C.E.    Fourth  Edition  2/0 

Materials  and  Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erec- 
tion of  Works  of  Construction.    By  Francis  Campin,  C.E.    .       .  3/0 

Sanitary  Work  in  the  Smaller  Towns  and  in  Yillages. 

By  Charles  Slagg,  Assoc.  M.Inst.C.E.    Third  Edition       .      .  3/0 

Construction  of  Roads  and  Streets. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  C.E.  Sixth  Edition,  revised,  with 
Additional  Chapters  by  A.  J.  Wallis-Tayler,  A.M.  Inst.  C.E.      .  6/0 

Gas  Works, 

Their  Construction  and  Arrangement  and  the  Manufacture  and  Distribu- 
tion of  Coal  Gas.  Originally  written  by  S.  Hughes,  C.E.  Ninth  Edition. 
Revised,  with  Notices  of  Recent  Improvements,  by  Henry  O'Conner, 
A.M.  Inst.  C.E.,  Author  of  "The  Gas  Engineers'  Pocket  Book.'' 

[Just  Published.  6/0 

Water  Works 

For  the  Supply  of  Cities  and  Towns.  With  a  Description  of  the  Principal 
Geological  Formations  of  England  as  influencing  Supplies  of  Water.  By 
Samuel  Hughes,  F.G.S.,  C.E.    Enlarged  Edition  ....  4/0 

The  Power  of  Water, 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  other 
Hydrostatic  Engines.    By  Joseph  Glynn,  F.R.S.    New  Edition  .  2/0 

Wells  and  Well-Sinking. 

By  John  Geo.  Swindell,  A. R.I. B. A., and  G.  R.  Burnell,  C.E.  Revised 
Edition.  With  a  New  Appendix  on  the  Qualities  of  Water.  Illustrated  2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent 
Practice,  by  D.  K.  Clark,  M.I.C.E.    Third  Edition      .       .       .  4/6 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.    By  Gen.  Sir  J.  Burgoyne,  K.C.B  1/6 

Foundations  and  Concrete  Works. 

With  Practical  Remarks  on  Fooiings,  Plankina,  Sand,  Concrete  Beton, 
Pile-driving,  Caissons,  and  Cofferdams.  By  E.  Dobson.  Ninth  Ed.      1  /6 
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Pneumatics, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  Use  of 
Beginners.    By  Charles  Tomlinson,  F.R.S.    Fourth  Edition     .  1/6 

Land  and  Engineering  Surveying. 

For  Students  andPracticalU.se.  By  T.  Baker,  C.E.  Nineteenth  Edition, 
Revised  and  Extended  by  F.  E.  Dixon,  A.M.  Inst.  C.E.,  Professional  Asso- 
ciate of  the  Institution  of  Surveyors,  With  numerous  Illustrations  and  two 
Lithographic  Plates   2/0 

Mensuration  and  Measuring. 

For  Students  and  Practical  Use.  With  the  Mensuration  and  Levelling  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  Baker,  C.E.  New 
Edition  by  E.  Nugent,  C.E  \  .1/6 

MINING  AND  METALLURGY. 
Mining  Calculations, 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers    Certificates,   comprising  numerous  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuration.    By  T.  A.  O'Donahue,  M.E 
*  irst-Class  Certificated  Colliery  Manager.  .  . 

Mineralogy,  '  0/0 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates   o/g 

Coal  and  Coal  Mining,  u 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Warington  W.  Smyth, 
t.K.b.    Eighth  Edition,  revised  by  T.  Forster  Brown  .       .  3/fi 

Metallurgy  of  Iron. 

Containing  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman.  F.G.S.  With  numerous 
Jllustrations.    Sixth  Edition,  revised  and  enlarged    ....  5/Q 

The  Mineral  Surveyor  and  Valuer's  Complete  Guide. 

By  W.  Lintern.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Surveying  •  3/6 

Slate  and  Slate  Quarrying : 

Scientific,  Practical,  and  Commercial.  By  D.  C  Davies,  F.G  S.  With 
numerous  Illustrations  and  Folding  Plates.    Fourth  Edition    .   *  .  3/0 

A  First  Book  of  Mining  and  Quarrying, 

With  the  Sciences  connected  therewith,  for  Primary  Schools  and  Self-In- 
struction.   By  J.  H.  Collins,  F.G.S.    Second  Edition    .      .  .1/6 

Subterraneous  Surveying, 

With  and  without  the  Magnetic  Needle.  By  T.  Fenwick  and  T.  Baker 
C.E.    Illustrated   0/w 

Mining  Tools.   *IK> 

Manual  of.  By  William  Morgans,  Lecturer  on  Practical  Mining  at  the 
Bristol  School  of  Mines       ...  O/fi 

Mining  Tools,  Atlas   

Of  Engravings  to  Illustrate  the  above,  containing  235  Illustrations  of  Mining 
1  ools,  drawn  to  Scale.    4to  ^/g 

Physical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments  of  Geolosv  " 
By  Ralph  Tate,  A.L.S.,  &c.    Woodcuts   o/Q 

Historical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments."  By  Ralph 
1  ate,  A.L.S.,  &c.    Woodcuts   2/6 

Geology,  Physical  and  Historical. 

Consisting  of  "  Physical  Geology,"  which  sets  forth  the  Leading  Principles 
of  the  Science;  and  "Historical  Geology,"  which  treats  of  the  Mineral 
and  Organic  Conditions  of  the  Earth  at  each  successive  epoch.  By  Ralph 
Tatb,  F.G.S.  4/6 
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MECHANICAL  ENGINEERING. 
The  Workman's  Manual  of  Engineering  Drawing. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.    Eighth  Edition.    300  Plates  and  Diagrams     .  3/6 

Fuels :  Solid,  Liquid,  and  Gaseous. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.    Fourth  Edition  2/0 

Fuel,  Its  Combustion  and  Economy. 

Consisting  of  an  Abridgment  of  "  A  Treatise  on  the  Combustion  of  Coal  and 
the  Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  Exten- 
sive Additions  by  D.  K.  Clark,  M.Inst.C.E.    Fourth  Edition       .  3/6 

The  Boilermaker's  Assistant 

In  Drawing,  Templating,  and  Calculating  Boiler  Work,  &c.  By  J.  Court- 
ney, Practical   Boilermaker.    Edited  by  D.  K.  Clark,  C.E.  .  2/0 

The  Boiler-Maker's  Ready  Reckoner, 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Platers,  Smiths,  and  Riveters.    By  John  Courtney.    Edited  by  D.  K. 

Clark,  M.I. C.E.   Fifth  Edition  4/0 

»#«  The  last  two  Works  in  One  Volume ',  half-bound^  entitled  11  The  Boiler- 
maker's Ready-Reckoner  and  Assistant."  By  J.  Courtney  and 
D.  K.  Clark.    Price  7/0. 

Steam  Boilers : 

Their  Construction  and  Management.  By  R.  Armstrong,  C.E.  Illustrated 

1/6 

Steam  and  Machinery  Management. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery. 
By  M.  Powis  Bale,  M.Inst.M.E  2/6 

Steam  and  the  Steam  Engine, 

Stationary  and  Portable.  Being  an  Extension  of  the  Treatise  on  the  Steam 
Engine  of  Mr.  J.  Sewell.    By  D.  K.  Clark,  C.E.   Fourth  Edition  3/6 

The  Steam  Engine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.    By  T.  Baker,  C.E  1/6 

The  Steam  Engine. 

By  Dr.  Lardner.    Illustrated  1/6 

Locomotive  Engines. 

By  G.  D.  Dempsey,  C.E.  With  large  Additions  treating  of  the  Modern 
Locomotive,  by  D.  K.  Clark,  M.Inst.C.E.     .  .  3/0 

Locomotive  Engine-Driving. 

A  Practical  Manual  for  Engineers  in  charge  of  Locomotive  Engines.  By 
Michael  Reynolds.    Eleventh  Edition.    3*.  6d.  ;  cloth  boards    .  4/6 

Stationary  Engine-Driving. 

A  Practical  Manual  for  Engineers  in  charge  of  Stationary  Engines.  By 
Michael  Reynolds.    Seventh  Edition.    3*.  6d.  ;  cloth  boards       .  4/6 

The  Smithy  and  Forge.  _  _  ~ 

Including  the  Farrier's  Art  and  Coach  Smithing.  By  W.  J.  E.  Crane. 
Fourth  Edition  2/6 

Modern  Workshop  Practice,  # 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Ship-building,  &c.  By  J.  G.  Winton. 
Fourth  Edition,  Illustrated   ...  3/6 

Mechanical  Engineering.  . 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine, 
&c.    By  Francis  Campin,  C.E.  Third  Edition       ....  2/6 

Details  of  Machinery.  .  . 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitting-Shop,  Foundry,  and  Boiler- Yard.  By  Francis  Campin,  C.E.  3/0 
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Elementary  Engineering :  u  ■ 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  In  the  £  arm  of 
Questions  and  Answers  on  Metals,  Alloys,  Strength  of  Materials,  &c. 
By  J.  S.  Brewer.    Fifth  Edition  1/6 

Power  in  Motion :  .  .  „   ,  _  .  . 

Horse-power  Motion,  Toothed-Wheel  Gearing,  Long  and  Short  Driving 
Bands,  Angular  Forces,  &c.  By  James  Armour,  C.E.  Third  Edition  2/0 

Iron  and  Heat,  ^ 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron  Beams, 
Pillars,  and  Girders.    By  J.  Armour,  C.E  2/6 

Practical  Mechanism, 

And  Machine  Tools.  By  T.  Baker,  C.E.  With  Remarks  on  Tools  and 
Machinery,  by  J.  Nasmyth,  C.E  2/6 

Mechanics:  .  _  _  .    .  t  c  * 

Being  a  concise  Exposition  of  the  General  Principles  of  Mectonical  science, 
and  their  Applications.    By  Charles  Tomlinson,  F.R.S.      .  .1/6 

Cranes  (The  Construction  of), 

And  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection  of  Build- 
ings, &c.    By  Joseph  Glynn,  F.R.S  1/6 


NAVIGATION,   SHIPBUILDING,  ETC. 
The  Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.  By  James  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.    By  W.  H.  Rosser      .   2/6 

Practical  Navigation. 

Consisting  of  The  Sailor's  Sea-Book,  by  James  Greenwood  and  W.  H. 
Rosser  ;  together  with  Mathematical  and  Nautical  Tables  for  the  Working 
of  the  Problems,  by  Henry  Law,  C.E. ,  and  Prof.  J.  R.  Young  .  7/0 

Navigation  and  Nautical  Astronomy, 

In  Theory  and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.  2/6 

Mathematical  Tables,  m    ^  . 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition  4/0 

Masting,  Mast-Making,  and  Rigging  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes, 
&c,  relative  to  every  class  of  vessels.    By  Robert  Kipping,  N.A.  .  2/0 

Sails  and  Sail-Making.  '  - 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  By  Robert 
Kipping,  N.A.     .   2/6 

Marine  Engines  and  Steam  Vessels. 

By  R.  Murray,  C.E.  Eighth  Edition,  thoroughly  revised,  with  Add£ 
tions  by  the  Author  and  by  George  Carlisle,  C.E.       .      .      .  4/6 

Naval  Architecture: 

An  Exposition  of  Elementary  Principles.    By  James  Peake   .  .3/6 

Ships  for  Ocean  and  River  Service, 

Principles  of  the  Construction  of.    By  Hakon  A.  Sommerfeldt  .  1/6 

Atlas  of  Engravings 

To  Illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth  7/6 

The  Forms  of  Ships  and  Boats. 

By  W.  Bland.  Tenth  Edition,  with  numerous  Illustrations  and 
Models  •  -1/6 
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ARCHITECTURE  AND  THE 

BUILDING  ARTS. 
Constructional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Campin,  C.E  3/6 

Building  Estates: 

A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of  Build- 
ing Land.    By  F.  Maitland.    Third  Edition  2/0 

The  Science  of  Building  : 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wynd- 
ham  Tarn,  M.A.  Lond.    Fourth  Edition  31Q 

The  Art  of  Building : 

General  Principles  of  Construction,  Strength,  and  Use  of  Materials,  Working 
Drawings,  Specifications,  &c.    By  Edward  Dobson,  M.R.I.B.A.  .  2/0 

A  Book  on  Building, 

Civil  and  Ecclesiastical.  By  Sir  Edmund  Beckett,  Q.C  (Lord  Grim- 
thorpe).    Second  Edition  476 

Dwelling-Houses  (The  Erection  of), 

Illustrated  bya  Perspective  View,  Plans,  and  Sections  of  a  Pair  of  Villas,  with 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Brooks,  Architect  2/6 

Cottage  Building. 

By  C.  Bruck  Allen.  Twelfth  Edition,  with  Chapter  on  Economic  Cot- 
tages for  Allotments,  by  E.  E.  Allen,  C.E  2/0 

Acoustics  in  Relation  to  Architecture  and  Building : 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By  Pro- 
fessor T.  Roger  Smith,  F.R.I.B.A.    New  Edition,  Revised  .       •     1 /6 

The  Rudiments  of  Practical  Bricklaying. 

General  Principles  of  Bricklaying  ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing;  Paving,  Tiling,  &c.    By  Adam  Hammond.    With  68  Woodcuts 

1/6 

The  Art  of  Practical  Brick  Cutting  and  Setting. 

By  Adam  Hammond.    With  90  Engravings  1/6 

Brickwork  : 

A  Practical  Treatise,  embodying  the  General  and  Higher  Principles  of 
Bricklaying,  Cutting  and  Setting  ;  with  the  Application  of  Geometry  to  Roof 
Tiling,  &c.    By  F.  Walker  1/6 

Bricks  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of;  containing  an  Outline  of  the 
Principles  of  Brickmalcing.  By  E.  Dobson,  M.R.I.B.A  Additions  by 
C.  Tomlinson,  F.R.S.    Illustrated  3/0 

The  Practical  Brick  and  Tile  Book. 

Comprising:  Brick  and  Tilk  Making,  by  E.  Dobson,  M.Inst.C.E.; 
Practical  Bricklaying,  by  A.  Hammond  ;  Brick-cutting  and  Setting, 
by  A.  Hammond.    550  pp.  with  270  Illustrations,  half-bound  .      .  6/0 

Garpentry  and  Joinery — 

The  Elementary  Principles  of  Carpentry.  Chiefly  composed  from  the 
Standard  Work  of  Thomas  Tredgold,  C.E.  With  Additions,  and  Treatise 
on  Joinery,  by  E.  W.  Tarn,  M.A.    Eighth  Edition      .      .      .  3/6 

Carpentry  and  Joinery — Atlas 

Of  35  Plates  to  accompany  and  Illustrate  the  foregoing  book.  With 
Descriptive  Letterpress.    4to   6/0 
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A  Practical  Treatise  on  Hand  railing ; 

Showing  New  and  Simple  Methods.  By  Geo.  Collings.  Third  Edition, 
including  a  Treatise  on  Stairbuilding.    With  Plates  .       .       .  2/6 

Circular  Work  in  Carpentry  and  Joinery. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings.    Fourth  Edition  2/6 

Roof  Carpentry: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  Use  of  Working 
Carpenters.     By  Geo.  Collings       .      .      .      ..  .      .  2/0 

The  Construction  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  B 


E.  Wyndham  Tarn,  M.A.,  Architect.    Fourth  Edition  .       .       .    1  / 
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The  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect.    With  160  Woodcuts  .  3/0 

Shoring 

And  its  Application :  A  Handbook  for  the  Use  of  Students.  By  George 
H.  Blagrove.    With  31  Illustrations  1/6 

The   Timber  Importer's,   Timber   Merchant's,  and 
Builder's  Standard  Guide. 

By  R.  E.  Grandy  2/0 

Plumbing : 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Ninth  Edition,  with  512  Illustrations  3/6 

Ventilation : 

A  Text  Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.P.,  Author  of  "  Plumbing,"  &c.    With  170  Illustrations  3/6 

The  Practical  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kemp  2/0 

House  Painting,  Graining,  Marbling,  &  Sign  Writing. 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  Ellis  A.  Davidson.    Eighth  Edition.    Coloured  Plates  5/0 
V*  The  above \  in  cloth  boards,  strongly  bounds  6/0 

A  Grammar  of  Colouring, 

Applied  to  Decorative  Painting  and  the  Arts.  By  George  Field.  New 
Edition,  enlarged,  by  Ellis  A.  Davidson.    With  Coloured  Plates  .  3/0 

Elementary  Decoration 

As  applied  to  Dwelling  Houses,  &c.  By  James  W.  Facey.  Illustrated  2/0 

Practical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.  By  James  W.  Facey 

2/6 

\*  The  last  two  Works  in  One  handsome  Vol.,  half-bound,  entitled  "  House 
Decoration,  Elementary  and  Practical,"  price  5/0 • 

Portland  Cement  for  Users. 

By  Henry  Faija,  A.M.Inst.C.E.    Third  Edition,  Corrected  .       .  2/0 

Limes,  Cements,  Mortars,  Concretes,  Mastics,  Plas- 
tering, &c. 

By  G.  R.  Burnell,  C.E.    Fifteenth  Edition  1/6 
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Masonry  and  Stone-Cutting. 

The  Principles  of  Masonic  Projection  and  their  application  to  Construction. 
By  Edward  Dobson,  M.R.I. B. A.  2/6 

Arohes,  Piers,  Buttresses,  &c. : 

Experimental  Essays  on  the  Principles  of  Construction.     By  W.  Bland. 

Quantities  and  Measurements, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paperhangers', 
Gilders',  Smiths',  Carpenters'  and  Joiners' Work.  By  A.  C.  Beaton.    1  /6 

The  Complete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.  By  R. 
Horton.    Sixth  Edition  4/0 

Guide  to  Superficial  Measurement : 

Tables  calculated  from  i  to  200  inches  in  length,  by  1  to  108  inches  in 
breadth.  For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Mer- 
chants, Builders,  &c.    By  James  Hawkings.    Fifth  Edition  .      .  3/6 

Light: 

An  Introduction  to  the  Science  of  Optics.  For  the  Use  of  Students  of  Archi- 
tecture, Engineering,  and  other  Applied  Sciences.  By  E.  W.  Tarn, 
M.A    1/6 

Hints  to  Young  Architects. 

By  George  Wightwick,  Architect.  Sixth  Edition,  revised  and  enlarged 
by  G.  Huskisson  Guillaume,  Architect  3/6 

Architecture — Orders : 

The  Orders  and  their  ^Esthetic  Principles.   By  W.  H.  Leeds.  Illustrated. 

Architecture-Styles: 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  Period.  By  T.  Talbot  Bury  .  .  2/0 
V*  Orders  and  Styles  of  Architecture,  in  One  Vol,,  3/6. 

Architecture— Design : 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    By  Edw. 

Lacy  Garbett,  Architect.    Illustrated  2/6 

*«*  The  three  Preceding  Works  in  One  handsonu  Vol.,  hal/-bound%  entitled 
"Modern  Architecture," price  6/0* 

Perspective  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  in  Architecture,  Painting,  &c. 
By  George  Pyne  2/0 

Architectural  Modelling  in  Paper. 

By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jewitt    \  /6 

Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg.  With 
an  Appendix  on  The  Art  of  Enamelling  2/6 

Yitruvius— The  Architecture  of. 

In  Ten  Books.  Translated  from  the  Latin  by  Joseph  Gwilt,  F.S.A., 
F.R.A.S.    With  23  Plates  6/0 

N.B. — This  is  the  only  Edition  ^/"Vitruvius  procurable  at  a  moderate  price. 

Grecian  Architecture, 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.  By  the  Earl  of  Aberdeen.    1  /0 

%*  Th€  two  preceding  Works  in  One  handsome  Vol. ,  half -bound,  entitled 
"Ancient  Architecture,"  price  6/0* 
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INDUSTRIAL  AND   USEFUL  ARTS. 
Cements,  Pastes,  Glues,  and  Gums. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants.  With  goo 
Recipes  and  Formulae.    By  H.  C.  Standage  2/0 

Clocks,  Watches,  and  Bells  for  Public  Purposes. 

A  Rudimentary  Treatise.  By  Edmund  Beckett,  Lord  Grimthorfe, 
LL.D.,  K.C.,  F.R.A.S.  Eighth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercocks.  [Just published.  4/6 

***  The  above,  handsomely  bound,  cloth  boards,  5/6- 

E  lect  r  o-Met  allur  gy , 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition        .  3/6 

The  Goldsmith's  Handbook. 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Solders,  Enamels, 
&c,  &c.    By  George  E.  Gee.    Sixth  Edition  3/0 

The  Silversmith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.   By  G.  E.  Gee.  3/Q 
***  The  last  two  Works,  in  One  hanasome  Vol.,  half -bound,  7/0- 

The  Hall-Marking  of  Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom ;  with  the  Stamps  and  Laws  relating  to  the  Standards  and  Hall 
Marks  at  the  various  Assay  Offices.    By  George  E.  Gee       .  .3/0 

French  Polishing  and  Enamelling. 

Numerous  Recipes  for  making  Polishes,  Varnishes,  &c.    By  R.  Bitmead. 

1 1S 

Practical  Organ  Building. 

By  W.  E.  Dickson,  M.A.   Second  Edition,  Revised,  with  Additions  2/6 

Coach-Building : 

A  Practical  Treatise.  By  James  W.  Burgess.  With  57  Illustrations  2/6 

The  Cabinet-Maker's  Guide 

To  the  Entire  Construction  of  Cabinet-Work.    By  R.  Bitmead      .  2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  &c.    By  W.  Graham  .  2/0 

The  Sheet-Metal  Worker's  Guide. 

For  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  By  W.  J.  E.  Crane.     1  /6 

Sewing  Machinery: 

Its  Construction,  History,  &c.    By  J.  W.  Urquhart,  C.E.    .       .  2/0 

Gas  Fitting: 

A  Practical  Handbook.    By  John  Black.    New  Edition       .  .2/6 

Construction  of  Door  Locks. 

From  the  Papers  of  A.  C.  Hobbs.    Edited  by  C.  Tomlinson,  F.R.S.  2/6 

The   Model   Locomotive   Engineer,  Fireman,  and 
Engine-Boy. 

By  Michael  Reynolds  3/g 

The  Art  of  Letter  Painting  made  Easy. 

By  J.  G.  Badenoch.    With  12  full-page  Engravings  of  Examples  .     1  /6 

The  Art  of  Boot  and  Shoemaking. 

Measurement,  Last-fitting,  Cutting-out,  Closing,  &c.    By  J.  B.  Leno.  2/0 

Mechanical  Dentistry : 

By  Charles  Hunter.    Fourth  Edition    .       .       .  .  3/Q 

Wood  Engraving: 

A  Practical  and  Easy  Introduction  to  the  Art.    By  W.  N.  Brown  .     1  /6 

Laundry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries      .      .  .2/0 
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AGRICULTURE,  GARDENING,  ETC. 
Draining  and  Embanking: 

A  Practical  Treatise.    By  Prof.  John  Scott.    With  68  Illustrations    1  /6 

Irrigation  and  Water  Supply : 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping,  &c. ; 
on  the  Construction  of  Wells,  Ponds,  Reservoirs,  &c.  By  Prof.  John 
Scott.    With  34  Illustrations  1/6 

Farm  Roads,  Fences,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Tiamways,  and  Waterways  of  the 
Farm  ;  the  Principles  of  Enclosures  ;  and  the  different  kinds  of  Fences, 
Gates,  and  Stiles.    By  Prof.  John  Scott.    With  75  Illustrations    .    1  /6 

Farm  Buildings : 

A  Practical  Treatise  on  the  Buildings  necessary  for  various  kinds  of  Farms, 
their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By  Prof. 
John  Scott,    With  105  Illustrations  2/0 

Barn  Implements  and  Machines  : 

Treating  of  the  Application  of  Power  and  Machines  used  in  the  Threshing- 
barn,  Stockyard,  Dairy,  &c.    By  Prof.  J.  Scott.    With  123  Illustrations. 

2/0 

Field  Implements  and  Machines : 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their 
Management,  &c.    By  Prof.  John  Scott.    With  138  Illustrations  .  2/0 

Agricultural  Surveying  : 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out  ;  with  Directions 
for  Valuing  Estates.    By  Prof.  J.  Scott.    With  62  Illustrations      .    1  /q 

Farm  Engineering. 

By  Professor  John  Scott.  Comprising  the  above  Seven  Volumes  in  One, 
1,150  pages,  and  over  600  Illustrations.    Half-bound  .       .       .  12/0 

Outlines  of  Farm  Management. 

Treating  of  the  General  Work  of  the  Farm ;  Stock ;  Contract  Work  ; 
Labour,  &c.    By  R.  Scott  Burn  2/6 

Outlines  of  Landed  Estates  Management. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Setting-out  of 
Farms,  Roads,  Fences,  Gates,  Drainage,  &c.    By  R.  Scott  Burn  .  2/6 

Soils,  Manures,  and  Crops. 

(Vol.  I.  Outlines  op  Modern  Farming.)   By  R.  Scott  Burn  .  2/0 

Farming  and  Farming  Economy. 

(Vol.  II.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn  3/0 

Stock:  Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  of  Modern  Farming.)   By  R.  Scott  Burn  2/6 

Dairy,  Pigs,  and  Poultry. 

(Vol.  IV.  Outlines  of  Modern  Farming.)   By  R.  Scott  Burn  2/0 

Utilization  of  Sewage,  Irrigation,  and  Reclamation 
of  Waste  Land. 

^    (Vol.  V.  Outlines  of  Modern  Farming.)   By  R.  Scott  Burn  .  2/6 

Outlines  of  Modern  Farming. 

By  R.  Scott  Burn.  Consisting  of  the  above  Five  Volumes  in  One, 
1,350  pp.,  profusely  Illustrated,  half-bound  1  2/0 
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Book-keeping  for  Farmers  and  Estate  Owners. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  system  adapted  for  all 
classes  of  Farms.    By  J.  M.  Woodman.    Fourth  Edition       .       .  2/6 

Ready  Reckoner  for  the  Admeasurement  of  Land. 

By  A.  Arman.  Revised  and  extended  by  C.  Norris.  Fifth  Edition  2/0 

Miller's,    Corn    Merchant's,    and   Farmer's  Ready 
Reckoner. 

Second  Edition,  revised^  with  a  Price  List  of  Modern  Flour  Mill  Machinery, 
by  W.  S.  Hutton,  C.E  2/0 

The  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers.  Hay  and  Straw 
Dealers,  &c.    By  John  Steele   2/0 

Meat  Production. 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat. 
By  John  Ewart  2  g 

Sheep : 

H*?01^'  Structure,  Economy,  and  Diseases  of.    By  W.  C.  Spoon«« 
M.R.V.S.    Fifth  Edition,  with  fine  Engravings        ....  3/5 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  w  Gardening  Illustrated"        .      .  3/Q 

Kitchen  Gardening  Made  Easy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb, 
&c,  with  directions  for  management  all  the  year  round.  By  George  M.  F 
Glenny.    Illustrated  •      .  1/6 

Cottage  Gardening : 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.    By  E.  Hobday, 

Garden  Receipts.  1/6 

Edited  by  Charles  W.  Qxjin     .      .      #      m      -      #      m  -1/6 

Fruit  Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Do 
Breuil.  Fifth  Edition,  carefully  Revised  by  George  Glbnny  With 
187  Woodcuts  

The  Tree  Planter  and  Plant  Propagator: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding.  Implements, 
Houses,  Pits,  &c.    By  Samuel  Wood      .      .      .      ...  2/0 

The  Tree  Pruner: 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  Shrubs,  Climbers  and 
Flowering  Plants.  With  numerous  Illustrations.  By  Samuel  Wood   \  /Q 
%•  The  above  Two  Vols,  in  One,  handsomely  half- bound t  frice  3/6. 

The  Art  of  Grafting  and  Budding. 

By  Charles  Baltet.    With  Illustrations        ......  2/6 
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MATHEMATICS,   ARITHMETIC,  ETC. 
Descriptive  Geometry, 

An  Elementary  Treatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective, 
extracted  from  the  French  of  G.  Monge.  To  which  is  added  a  Description 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Heather, 
M.A.    With  14  Plates  2/0 

Practical  Plane  Geometry: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  J.  F.  Heather,  M.A. 
With  215  Woodcuts  2/0 

Analytical  Geometry  and  Conic  Sections, 

A  Rudimentary  Treatise  on.  By  James  Hann.  A  New  Edition,  re- 
written and  enlarged  by  Professor  J .  K.  Young        ....  2/0 

Euclid  (The  Elements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 
prefixed  an  Introductory  Essay  on  Logic.    By  Henry  Law,  C.E.  .  2/6 
\*  Sold  also  separately,  vix : — 
Euclid.    The  First  Three  Books.    By  Henry  Law,  C.E.   .      .  .1/6 
Euclid.    Books  4,  5,  6,  ix,  xa.    By  Henry  Law,  C.E.    .      .  .1/6 

Plane  Trigonometry, 

The  Elements  of.    By  Jambs  Hann.  1/6 

Spherical  Trigonometry, 

The  Elements  of.  By  James  Hann.  Revised  by  Charles  H.  Dow- 
ling,  C.E  1/0 

V  Or  with  "  The  Elements  oj  Plane  Trigonometry"  in  One  Volume,  2/6 

Differential  Calculus, 

Elements  of  the.    By  W.  S.  B.  Woolhouse,  F.R.A.S.,  &c     .  .1/6 

Integral  Calculus. 

By  Homersham  Cox,  B.A.  1/6 

Algebra, 

The  Elements  of.  By  James  Haddon,  M.A.  With  Appendix,  containing 
Miscellaneous  Investigations,  and  a  Collection  of  Problems       .  -2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  in  Algebra. 
By  J.  R.  Young  1/6 

Commercial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.    By  James  Haddon,  M.A  1/6 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  Use  of  Schools 
and  for  Self-Instruction.  By  J.  R.  Young,  late  Professor  of  Mathematics 
in  Belfast  College.    Thirteenth  Edition  1/6 

A  Key  to  the  Above. 

By  J.  R.  Young   ....    1  /6 

Equational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce  ,*  with  various  Tables  by  which  all  Calculations  may  be  greatly 
facilitated.    By  W.  Hipsley   1/6 

Arithmetic, 

Rudimentary,  for  the  Use  of  Schools  and  Self-Instruction.  By  James 
Haddon,  M.A.    Revised  by  Abraham  Arman      .      .      .  .1/6 

A  Key  to  the  Above. 

By  A.  Arman    1/6 
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Mathematical  Instruments : 

Their  Construction,  Adjustment,  Testing,  and  Use  concisely  Explained. 

By  J.  F.  Heather,  M.A.,  of  the  Royal  Military  Academy,  Woolwich. 

Fifteenth   Edition,    Revised^  with   Additions,  by  A.   T.  Walmisley, 

M.I.C.E.  Original  Edition,  in  i  vol.,  Illustrated  ....  2/0 
V  ordering  the  above,  bs  careful  to  say  "  Original  Edition,"  or  give  the 
number  in  the  Series  (32),  to  distinguish  it  from  the  Enlarged  Edition  in 
3  vols,  (as  follows) — 

Drawing  and  Measuring  Instruments. 

Including— I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 
and  for  Arithmetical  Computations.    By  J.  F.  Heather,  M.  A.     .     1  /6 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 
producing  copies  of  Maps  and  Plans  by  Photography.   By  J.  F.  Heather 
M.A.    Illustrated  -j 

Surveying  and  Astronomical  Instruments. 

Including— I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.    II.  Instruments  employed  in  Astronomical  Ob- 
servations.   By  J.  F.  Heather,  M.A.    Illustrated.       .      .  .1/6 
*»*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  work 
"  Mathematical  Instruments?  price  2/0-    {Described  at  toj>  of  page.) 

Mathematical  Instruments : 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.  Enlarged  Edition,  for  the  most  part  «ww»*«rely  re-written. 
The  Three  Parts  as  above,  in  One  thick  Volume.       .  .      .  4/3 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  «>».  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Carles  Hoare 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.    Eighth  Editi««     .      .  2/6 

Logarithms. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomies*,  and  Nautical 
Calculations.    By  Henry  Law,  C.E.    Revised  Edition   .  .  3/Q 

Compound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.    By  Fedor  Thoman,  Paris.    Fourth  Edition  .  4/0 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.    By  H.  Law,  C.E.    Together  with  a 
Series  ©f  Tables  for  Navigation  and  Nautical  Astronomy.    By  Professor  T 
R.  Young.    New  Edition  ^fy 

Mathematics, 

As  applied  to  the  Constructive  Arts.  By  Francis  Camfin.  C.E.,  &c. 
Third  Edition  3/0 

Astronomy. 

>     By  the  late  Rev.  Robert  Main,  F.R.S.    Third  Edition,  revised  and  cor- 
rected to  the  Present  Time.    By  W.  T.  Lynn,  F.R.A.S.    .      .      .  2/0 

Statics  and  Dynamics, 

The  Principles  and  Practice  of.  Embracing  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  Forces.    By  T.  Baker.  C  £ 
Fourth  Edition   1/6 
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BOOKS   OF  REFERENCE  AND 

MISCELLANEOUS  VOLUMES. 

A  Dictionary  of  Painters,  and  Handbook  for  Picture 

Amateurs. 

Being  a  Guide  for  Visitors  to  Public  and  Private  Picture  Galleries,  and  for 
Art-Students,  including  Glossary  of  Terms,  Sketch  of  Principal  Schools  of 
Painting,  &c.    By  Philippe  Daryl,  B.A.  2/6 

Painting  Popularly  Explained. 

By  T.  J.  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Sixth  Edition  5/0 

A  Dictionary  of  Terms  used  in  Architecture,  Build- 
ing, Engineering,  Mining,  Metallurgy,  Archae- 
ology, the  Fine  Arts,  &c. 

By  John  Weale.    Sixth  Edition.    Edited  by  R.  Hunt,  F.R.S.    .  5/0 
Music : 

A  Rudimentary  and  Practical  Treatise.  With  numerous  Examples.  By 
Charles  Child  Spencer  2/6 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Charles  Child  Spencer  1/6 

The  House  Manager. 

A  Guide  to  Housekeeping,  Cookery,  Pickling  and  Preserving,  Household 
Work,  Dairy  Management,  Cellarage  of  Wines,  Home-brewing  and  Wine- 
making,  Gardening,  &c.    By  An  Old  Housekeeper      .       .  3/6 

Manual  of  Domestic  Medicine. 

By  R.  Gooding,  M.D.  Intended  as  a  Family  Guide  in  all  cases  of 
Accident  and  Emergency.    Third  Edition,  carefully  revised     .       .  2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.    By  Rev.  James  Baird    1  /0 

Natural  Philosophy, 

For  the  Use  of  Beginners.    By  Charles  Tomlinson,  F.R.S.  .  .1/6 

The  Elementary  Principles  of  Electric  Lighting. 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Fifth 
Edition  ..1/6 

The  Electric  Telegraph, 

Its  History  and  Progress.    By  R.  Sabine,  C.E.,  F.S.A.,  &c.   .       .  3/0 

Handbook  of  Field  Fortification. 

By  Major  W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts    .       .  3/0 

Logic, 

Pure  and  Applied.    By  S.  H.  Emmens  1/6 

Locke  on  the  Human  Understanding, 

Selections  from.    With  Notes  by  S.  H.  Emmens       .      .      .  .1/6 

The  Compendious  Calculator 

{Intuitive  Calculations^.  Or  Easy  and  Concise  Methods  of  Performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions  ;  together  with  Useful  Tables,  &c.  By  Daniel  O'Gorman. 
Twenty-eighth  Edition,  carefully  revised  by  C  Norris    .       .  .2/6 
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Measures,  Weights,  and  Moneys  of  all  Nations. 

With  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.    Seventh  Edition       .  2/6 

Grammar  of  the  English  Tongue, 

Spoken  and  Written.  With  an  Introduction  to  the  Study  of  Comparative 
Philology.    By  Hyde  Clarke,  D.C.L.    Fifth  Edition.    .       .       ;  1/6 

Dictionary  of  the  English  Language. 

As  Spoken  and  Written.  Containing  above  100,000  Words.  By  Hydk 
Clarke,  D.C.L  3/6 

Composition  and  Punctuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Brenan.    Nineteenth  Edition  1/6 

French  Grammar. 

With  Complete  and  Concise  Rules  on  the  Genders  of  French  Nouns.  By 
G.  L.  Strauss,  Ph.D  1/6 

English-French  Dictionary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  &c. 
By  Alfred  Elwes   •      .  '2/0 

French  Dictionary. 

In  two  Parts— I.  French-English.  II.  English- French,  complete  in 
One  Vol  V  3/0 

French  and  English  Phrase  Book. 

Containing  Introductory  Lessons,  with  Translations,  Vocabularies  of  Words, 
Collection  of  Phrases,  and  Easy  Familiar  Dialogues  .      .       .  .1/6 

German  Grammar. 

Adapted  for  English  Students,  from  Heyse's  Theoretical  and  Practical 
Grammar,  by  Dr.  G.  L.  Strauss  1/6 

German  Triglot  Dictionary. 

By  N.  E.  S.  A.  Hamilton.  Part  I.  German-French-English.  Part  II. 
English-German- French.    Part  III.  French-German-English    .       .  3/0 

German  Triglot  Dictionary. 

(As  above).    Together  with  German  Grammar,  in  One  Volume        .  5/0 

Italian  Grammar. 

Arranged  in  Twenty  Lessons,  with  Exercises.    By  Alfred  Elwes.     1  /6 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  all  the  Italian  and  French  Nouns  are  carefully 
noted  down.    By  Alfred  Elwes.    Vol.  I.  Italian- English- French.  2/6 

Italian  Triglot  Dictionary. 

By  Alfred  Elwes.    Vol.  II.  English- French- Italian     .      .       .  2/6 

Italian  Triglot  Dictionary. 

By  Alfred  Elwes.    Vol.  III.  French-Italian-English    .       .      .  2/6 

Italian  Triglot  Dictionary. 

(As  above).    In  One  Vol  7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes    1  /6 

Spanish-English  and  English-Spanish  Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred 

Elwks   •  4/0 

%*  Or  with  the  Grammar,  6/0* 
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Portuguese  Grammar, 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes.    1  fQ 

Portuguese -English    and    English -Portuguese  Dic- 
tionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred 

Elwes.    Fourth  Edition,  revised  5/0 

%*  Or  with  the  Grammar,  7/0* 

Animal  Physics, 

Handbook  of.    By  Dionysius  Lardner,  D.C.L.    With  520  Illustrations. 

In  One  Vol.  (732  pages),  cloth  boards  7/6 

%*  Sold  also  in  Two  Parts,  as  follows: — 
Animal  Physics.    By  Dr.  Lardner.    Part  I.,   Chapters  I. — VII.  470 
Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.— XVIII. 

3/0 
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MATHEMATICS,   ARITHMETIC,  &c. 


Geometry,  Descriptive.   J.  F.  Heather  .      .  .  2/- 

Practical  Plane  Geometry.   J.  F.  Heather,  .   .  2/- 

Analytical  Geometry.    J.  Hann  &  J.  R.  Young.  .  2/- 

Geometry.    Part  I.  (Euclid,  Bks.  I.— III.)    H.  Law  1/6 
Part  II.    (Euclid,  Books  IV.,  V.,  VI.,  XI., 

XII. ).    H.  Law   .      .      .       .  .1/6 

Geometry,  in  1  vol.  (Euclid's  Elements)   .       .  .    .  2/6 

Plane  Trigonometry.    J.  Hann       .      .      .  .1/6 


Spherical  Trigonometry.   J.  Hann     .      .      .    .  1/- 
The  above  2  vols. ,  bound  together  .       .       .  .2/6 
Differential  Calculus.   W.  S.  B.  Woolhouse       .    .  1/6 
Integral  Calculus.   H.  Cox  1/- 


Algebra.    J.  Haddon  .      .  .      .       .  .2/- 

Key  to  ditto   1/6 

Book-keeping.   J.  Haddon   1/6 

Arithmetic.    J.  R.  Young   1/6 

Key  to  ditto   1/6 

Equational  Arithmetic.    W.  Hipsley  .      .      .    .  1/6 

Arithmetic.    J.  Haddon  »  1/6 

Key  to  ditto   1/6 

Mathematical  Instruments.    Heather  &  Walmisley  2/- 

Drawing  &  Measuring  Instruments.  J.  F.  Heather  1/6 
Optical  Instruments.  J.  F.  Heather  .  .1/6 
Surveying  &  Astronomical   Instruments.    J.  F. 

Heather   i/$ 

The  above  3  vols.,  bound  together  .       .       .  .4/6 

Mensuration  and  Measuring.   T.  Baker   .       .    .  1/6 

Slide  Rule,  &  How  to  Use  it.    C.  Hoare      .      .  2/6 

Measures,  Weights,  &  Moneys.  W.  S.  B.  Woolhouse  2/6 

Logarithms,  Treatise  on,  with  Tables.    H.  Law  .  3/- 

Compound  Interest  and  Annuities.    F.  Thoman    .  4/- 

Compendious  Calculator.    D.  O'Gorman       .      .  2/6 

Mathematics.    F.  Campin   3/- 

Astronomy.    R.  Main  &  W.  T.  Lynn  .       .      .       .  2/- 

Statics  and  Dynamics.    T.  Baker      .       .      .    .  1/6 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 
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BUILDING   &  ARCHITECTURE. 

Building  Estates.    F.  Maitland       .      .      .      .  2/- 

Science  of  Building.    E.  W.  Tarn      .       .       .    .  3/6 

Building,  Art  of.    E.  Dobson  and  J.  P.  Allen  .       .  2/- 

Book  on  Building.    Sir  E.  Beckett     .       .       .    .  4/6 

Dwelling  Houses,  Erection  of.    S.  H.  Brooks       .  2/6 

Cottage  Building.    C.  B.  Allen   2/- 

Acoustics  of  Public  Buildings.    Prof.  T.  R.  Smith.  1/6 

Practical  Bricklaying.    A.  Hammond   .      .      .    .  1/6 

Practical  Brick  Cutting  &  Setting.    A.Hammond.  1/6 

Brickwork.    F.  Walker   1/6 

Brick  and  Tile  Making.    E.  Dobson.      .      .      .  3/- 

Practical  Brick  &  Tile  Book.    Dobson  &  Hammond  6/- 

Carpentry  and  Joinery.   T.  Tredgold  &  E.  W.  Tarn  3/6 

Atlas  of  35  plates  to  the  above   6/- 

Hand railing,  and  Staircasing.    G.  Collings    .  2/6 

Circular  Work  in  Carpentry.    G.  Collings       .    .  2/6 

Roof  Carpentry.    G.  Collings   2/- 

Construction  of  Roofs.    E.  W.  Tarn  .      .      .    .  1/6 

Joints  used  by  Builders.    J.  W.  Christy       .      .  3/- 

Shoring.    G.  H.  Blagrove   1/6 

Timber  Importer's  &  Builder's  Guide.  R.  E.  Grandy  2/- 

Plumbing.    W.  P.  Buchan   3/6 

Ventilation  of  Buildings.    W.  P.  Buchan       .      .  3/6 

Practical  Plasterer.    W.  Kemp   2/- 

House-Painting.    E.  A.  Davidson     .       .      .      .  5/- 

Elementary  Decoration.    J.  W.  Facey  .      .      .    .  2/- 

Practical  House  Decoration.    J.  W.  Facey     .      .  2/6 

Gas-Fitting.    J.  Black   2/6 

Portland  Cement  for  Users.  H.  Faija&D.  B.  Butler  3/- 

Limes,  Cements,  &  Mortars.    G.  R.  Burnell  .    .  1/6 

Masonry  and  Stone  Cutting.    E.  Dobson       .      .  2/6 

Arches,  Piers,  and  Buttresses.    W.  Bland       .    .  1/6 

Quantities  and  Measurements.    A.  C.  Beaton       .  1/6 

Complete  Measurer.    R.  Hortok        .      .      .    .  4/- 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 

Light,  for  use  of  Architects.    E.  W.  Tarn       .    .  1/6 

Hints  to  Young  Architects.  Wightwick  &  Guillaume  3/6 

Dictionary  of  Architectural  Terms.   J.  Weale    .  5/- 


CROSBY  LOCKWOOD  &  SON,  7,  Stationers'  Hall  Court,  E.C 


WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 


BUILDING  &  ARCHITECTURE— eontd. 

Architecture,  Orders.   W.  H.  Leeds    .      .       .  .  1/6 

Architecture,  Styles.    T.  T.  Bury    ....  2/- 

The  above  2  vols. ,  bound  together      .       .       .  .  3/6 

Architecture,  Design.    E.  L.  Garbett      .      .  .2/6 

The  above  3  vols.,  bound  together      .       .       ,  .  6/- 

Architectural  Modelling.    T.  A.  Richardson  .  .  1/6 

Vitruvius'  Architecture.   J.  Gwilt      .      .      .  .  5/- 

Grecian  Architecture.    Lord  Aberdeen    .      .  .  1/- 

The  above  2  vols.,  bound  together      •       «       •  •  6/- 


FINE  ARTS. 

Dictionary  of  Painters.    P.  Daryl      .      .      .    .  2/6 

Painting,  Fine  Art.   T.  J.  Gullick  &  J.  Timbs  .       .  5/- 

Grammar  of  Colouring.  G.  Field  &  E.  A.  Davidson  3/- 

Perspective.    G.  Pyne   2/- 

Glass  Staining  &  Painting  on  Glass  .      .      .    .  2/6 

Music.  'C.C.Spencer.  2/6 

Pianoforte  Instruction.    C.  C.  Spencer       .       .    .  1/6 

INDUSTRIAL  &   USEFUL  ARTS. 

Cements,  Pastes,  Glues,  &  Gums.    H.  C.  Standage  2/- 


Clocks,  Watches,  and  Bells.    Lord  Grimthorpe 
Goldsmith's  Handbook.    G.  E.  Gee 
Silversmith's  Handbook.    G.  E.  Gee 


Goldsmith's  &  Silversmith's  Handbook.  G.  E.  Gee  7/- 


Hall-Marking  of  Jewellery.    G.  E.  Gee 
Cabinet-Maker's  Guide.    R.  Bitmead 
Practical  Organ  Building.    W.  E.  Dickson 
Coach  Building.    J.  W.  Burgess 
Brass  Founder's  Manual.    W.  Graham 
French  Polishing  and  Enamelling.    R.  Bitmead 
House  Decoration.    J.  W.  Facey. 
Letter-Painting  Made  Easy.    J.  G.  Badenooh  . 
Boot  and  Shoemaking.    J.  B.  Leno  . 
Mechanical  Dentistry.    C.  Hunter  . 
Wood  Engraving.  W.N.Brown. 
Laundry  Management  


4/6 

3h 
3/- 


3/- 
2/6 

2/6 

2/6 

*/- 
1/6 

5/- 
1/6 

2/- 

3/- 
1/6 

2h 


CROSBY  LOCK  WOOD  &  SON,  7,  Stationers'  Hall  Court,  E.C. 


GETTY  CENTER  LIBRARY 


3  3125  00731  3113 


